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ACTHOB’S ABSTEACT 

A chronological investigation of the histological condition of the right ovary of the 
domestic hen from embryos of nine days’ incubation to adults of eighteen months was made. 
A rudiment of the right ovary is found at all times. Its composition is variable. Sixty^tne 
per cent of the rudimentary ovaries contained medullary tissue only. Thirty-nine per cent 
had rudiments of cortex, in addition. The occurrence of cortical rudiments in embryonic 
stages is the probable basis of ovarian follicles found in the rudimentary right ovaries of 
adults. Primordial germ cells persist in the medullary tissue until three weeks after 
hatching. They subsequently appear to atrophy. 'The medullary cords persist through the 
entire period either as distended tubules or as solid cords of modified epithelial cells. 
Bemnants of the right mesonephros persist as tubules and connect with the gonad by rete 
tubules. The mesonephric duct maintains a patent lumen. 
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INTRODUCTION 

The domestic fowl normally possesses but one functional 
ovary which is located on th.e left side of the body. A rndi- 

' The writer wishes to express his gratitude for the constant advice and 
kindly interest of Prof. Frank E. Lillie, who directed this investigation. 
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ment has been described as occurring on the right side by 
Chappellier (’14), Stieve (’24), and others. 

In recent years, experiments in which the ovary has been 
removed have called attention to the problem of the asym- 
metry of the gonads of the fowl. In this laboratory Domm 
(’27) has ovariotomized some 121 light brown Leghorn 
females. The results of the operation have been as follows : 
Accompanying the removal of the left ovary, the head 
furnishings reduce and the plumage assumes the male-like 
appearance typical for capons of the breed, the spurs grow, 
and a compensatory growth begins to develop on the site of 
the right rudimentary ovary. This growth usually resembles 
a testis, but has a broader attachment than a testis does 
normally. . When this testis-type compensatory growth 
reaches a condition of active secretion, the plumage reverts 
to the female type. Other secondary changes also occur, 
namely, the head furnishings enlarge to male Size and form 
and the sex behavior becomes more like that of the male. 
Fifty of these compensatory growths were examined histo- 
logically, and their appearance resembled that of an immature 
testis in many respects. There were tubules lined with 
columnar epithelium, but in no cases were there any traces 
of spermatogene*tie tissue. In other rare cases an ovary de- 
veloped on the right side instead of the testis-like compensa- 
tory growth, and in still other cases an ovotestis was found. 
Associated with these exceptional growths were correspond- 
ing exceptional responses on the part of the operated bird 
which have not yet been fully described. 

Previous investigators of the problem, such as Goodale 
(’16), who first performed the experiment, Zawadowsky (’22, 
’26), Benoit (’23 a), Pezard, Sand and Oaridroit (’25), and 
Finlay (’25), have described the occurrence of an hyper- 
trophied body on the right side following ovariotomy. In 
the two cases described by Benoit and in one case of Zawa- 
dowsky spermatogenesis was reported. In regard to his 
experimental results, Domm (’27) says: 
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The most significant feature of our histological studies when re- 
viewed in the light of Benoit’s, Zawadowsky ’s, and Finlay’s, is that 
none of the compensatory growths studied by us showed spermato- 
genesis nor was there anything comparable to normal spermatogenetie 
tissue found. This is really significant when one considers the fact 
that the only two cases studied by Benoit ( ’23 a) both showed normal 
spermatogenesis in the right compensatory gonad, and Zawadowsky 
(’26) describes one ease showing normal spermatogenesis in a rela- 
tively small number of ovariotomized birds, while in none of the 
right compensatory gonads that we have studied (fifty cases) nor in 
those of Goodale ( ’16) and Greenwood (’25) was there any indication 
of the onset of spermatogenesis. 

The compensatory growth, whether of testis type, ovotestis, 
or ovary, always rises on the same site, namely, that ho- 
mologous to the left ovary. Its variable character requires 
explanation. The purpose of the present investigation is to 
ascertain what data of the normal embryonic history are 
applicable to this problem. 

In examining twenty adult birds to determine the nature of 
the right rudiment,. I discovered two cases of well-developed 
right ovaries containing distinctly visible follicles. Domm 
(’27 and unpublished data),^ working in this laboratory, re- 
ports that, among several hundred female brown Leghorns 
examined, twenty-five cases showed development on the right 
side of a some'what normal ovary containing follicles. The 
completeness of development of ovary which may occur on 
the right side in the hen is. shown in Domm’s bird no. 726, 
in which on the right side was “a mass of ovary showing 
two large yellow follicles about ready for ovulation, with 
many smaller ones of varying sizes. Two ruptured follicles, 
in the form of shrunken sacs were found.” In six other cases 
the right body was an ovotestis, in part resembling a testis, 
yet also containing ovarian follicles. In examining seventy- 
one- operated birds, Mr. F. W. Appel (unpublished data),^ 
working in this laboratory, has observed three cases of well- 
developed right ovaries and eight cases in which there was 
an ovotestis on the right side. 

“I am much mdebfed to Doctor Domm and Doctor Appel for permission to 
mention additional eases of theirs. 
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Comparatively rare occurrence of ova in the right gonad 
of birds and variable development of the gonad under normal 
conditions have been observed by several authors. His (’68) 
described right ovaries possessing ova in the domestic fowl 
and in pigeons. He refers to earlier citations of the occur- 
rence of right ovaries in birds. Chappellier ( ’14) described 
a domestic duck (Anas bosehas var.) of unusual interest, in 
which both the right and left ovaries and the right and left 
oviducts were well developed and functional. Calyces indi- 
cating extrusion of eggs were present in both ovaries. Chap- 
pellier ( ’14) made a very comprehensive study of the litera- 
ture regarding occurrence of the right ovary and right 
oviduct in birds. He showed that the phenomenon is wide- 
spread, existing in birds of ten orders and in forty-four 
species of twenty-nine different genera. Fourteen cases in 
which the right ovary is larger than the left were reported. 
Two cases were cited in which no left ovary was present. 
Riddle ( ’17, ’18, ’25) has observed many instances in pigeons 
in which there were right ovaries with ova. Stieve (’24) de- 
scribes a considerable number of new cases among birds of 
prey in which there were right ovaries with follicles. Ex- 
ceptional development of the right ovary was found in two 
chicken hawks (Falco palumbaris KL). In one of these cases 
both ovaries were of similar size. The right ovary as well 
as the left was functional, for, in addition to follicles, there 
was a calyx which indicated that an egg had been extruded 
from the right ovary. Only a small rudiment of the right 
oviduct was visible near the cloaca. Stieve concluded that 
the egg from the right ovary was laid from the left oviduct. 

In looking through the literature for a possible explanation 
of this series of phenomena on the basis of the embryological 
history of the right ovary, one is surprised to find that its 
complete history has not been followed. Stieve refers to 
the fact that both ovaries are found in the embryonic stages 
of many birds. In young jackdaws at the time of first flight 
he found in 5 per cent of the cases small right ovaries with 
a few little follicles, but in old birds the right ovary disap- 



ASYMMETRY OF THE OVARIES OF THE FOWL b 

peared almost always completely. The general statement 
has been that the right ovary undergoes total degeneration 
shortly after hatching. Even Pirket (’14, ’20), who made a 
very accurate survey of the early embryonic history of the 
gonads of the fowl, found in his material no indication of the 
possible persistence of the rudiment of the right ovary. His 
conclusion was; 

Toute la masse subit la d%eneresceiice graisseuse analogue a 
eelle deja deerite pour I’ovaire gauche; eette d6generescence aboutit a 
la disparition complete de tous les dements eonstitutifs de I’ovaire 
droit; seul 1 ’epithelium superflciel est conserve, mais il ne se distingue 
plus du restant de 1 ’epithelium p4ritoneal (’20, p. 400). 

However, to explain the experimental results and anomalies 
of development cited, it would seem necessary to assume the 
continued existence of the right ovary as a persistent rudi- 
ment of variable composition. In view of the need for knowl- 
edge of the normal embryology and histology of the right 
ovary, with special reference to the variable experimental 
results, this investigation was undertaken. 

EESTJME OP THE EBSTJLTS OP THE INVESTIGATION 

The results of the investigation go far to explain the varia- 
tions noted above. A brief statement of the findings is as 
follows : 

The right ovary is observed to retrogress slightly after 
hatching, but to persist as a rudiment which grows further 
in adult life. The rudiment is of variable composition. In 
most cases there is medullary tissue only, while in other rare 
cases cortical cords and ova are also found. The realiza- 
tion of the expectation of finding cortical tissue in the embryo- 
logical stages of the right ovary was previously anticipated 
by Willier ( ’27) . In the present investigation, however, vary- 
ing amounts of cortical tissue in the right ovary are de- 
scribed in a series of embryos and chicks from nine days’ 
incubation to adult hens. In an effort to determine the 
embryological basis for the histological constitution of the 
right compensatory growth, the occurrence and condition of 
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primordial germ cells in the right ovary was observed chrono- 
logically. The primordial germ cells are relatively abundant 
in early stages, but practically disappear from the rudiment 
at about three weeks after hatching. 

Material and methods of study 

The early embryonic history of the gonads of the fowl has 
been described adequately by Firket ( ’14, ’20) and Swift ( ’15, 
’16). The point df departure for my investigation is the 
embryo of nine days’ incubation. Beginning with this stage, 
the gonads have been examined in female birds at frequeirt 
intervals to sexual maturity at six months and at the age 
of a year and a half. A number of specimens of each age 
have been examined both anatomically and histologically, in 
order to form a somewhat quantitative estimate of the varia- 
bility of the normal development. 

Measurements of the size of the embryonic gonads were 
taken by a millimeter rule. The lengths of the ovaries of 
chicks, pullets, and hens were estimated from serial sections. 
Thickness of tissues and sizes of cells were calculated from 
sections by readings of an ocular micrometer. 

All of the material used has been of the brown Leghorn 
race. The embryos and chicks were fixed in Bouin’s picro- 
formol fixing fluid. The sections were cut 6 and 8 m thick. 
The staining method used was Heidenhain’s iron hematoxylin. 
It was not the aim of the investigation to make a refuKul 
cytological study of either primordial germ cells or other 
classes of cells. 

Early embryonic history of the gonads 

As an introduction to the description of later stages the 
present state of knowledge in regard to the early embryonic 
history of the gonads is first summarized. Since an essential 
part of the investigation deals with the occurrence and ulti- 
mate fate of the primordial germ cells from which the defini- 
tive sex cells develop, a statement of the criteria used for their 
identification is included also. 
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The- gonads of the fowl develop in conjunction with the 
mesonephroi. They are visible in the opened body cavity of 
embryos of three and three-fourths days’ incubation (ninety 
hours) as elongated whitish ridges, about 1.5 mm. long, which 
lie on the medial' surfaces of the mesonephroi. The ridges 
begin slightly posterior to the anterior ends of the meso- 
nephroi and extend over their anterior halves. The gonads 
in both sexes are asymmetrical even at this early stage, the 
left being more massive than the right (Swift, ’15). 

At this time the flat cells of coelomic epithelium have 
already differentiated on the surface of the gonads as a 
single layer of elongated cylindrical cells possessing oval or 
round dark-staining nuclei. The differentiated tissue with 
included primordial germ cells is called the germinal epithe- 
lium (Bornhaupt, Waldeyer, ’70). During the following two 
days it becomes two or three cells thick and is distinctly 
limited by a basement membrane. 

The mass of the gonad underlying the germinal epithelium 
consists of a stroma of closely packed mesenchyme. In this 
stroma appear sixteen solid cords of cells known as the cords 
of urogenital union or rete cords (Firket, ’14). They extend 
obliquely from renal corpuscles of the mesonephros to posi- 
tions under the germinal epithelium. The cells of the cords 
are directly continuous with those of Bowman’s capsules from 
which they originated (Hoffman, ’92). The fate of these 
cords is to form the rete, which is especially conspicuous in 
the testis where it ultimately forms the vasa efferentia. 
Throughout the gonad, but especially in the germinal epithe- 
lium, is another tissue element, the primordial germ cells. 
They have been present from the origin of the gonads and 
even earlier. Their history has been worked out by Swift 
( ’14). In brief, according to this author, it is as follows ; 

The primordial germ cells originate from the germ-wall 
entoderm anterior and anterolateral to the embryo during 
the primitive-streak stage and up to the 3-somite stage. From 
this place of origin, by means of amoeboid movement, they 
enter the mesoderm of the vascular area and are carried in 
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the blood vessels to all parts of the embryo. At the stage of 
20-22 somites the primordial germ cells leave the vascular 
system, and a great number of them lodge in the mesodei'm of 
the splanchnopleure near the coelomic angle. At three days 
incubation, they are distributed in the radix mesenterii, the 
coelomic epithelium, and in the mesenchyme beneath on both 
sides of the coelomic angle. 

When the germinal epithelium is differentiated, numerous 
primordial germ cells are included in it along with the cells 
of peritoneal origin. Firket ( ’14) first called attention to a 
striking inequality in their distribution. The left gonad in 
both sexes receives two to five times more than the right 
does. At five and one-half days, due to local increase of the 
epithelial cells, buds or projections begin to grow from the 
germinal epithelium into the underlying stroma of the gonad. 
This activity, which reaches a maximum on the sixth day 
and ends at six and a half days, results in the proliferation 
of a series of epithelial cords, which are known as the cords 
of the first proliferation. In the male these are the true 
sexual cords or seminiferous cords, while in the female they 
become the medullary cords. These cords of the first pro- 
liferation become separated from the germinal epithelium 
and continue to increase in size, the process occurring more 
rapidly in the female gonads than in the male gonads. The 
bulk of gonadal tissue under the germinal epithelium is com- 
posed of these cords. The two kinds of cells of the cords at 
this time may be distinguished as primordial germ cells and 
epithelial cells of peritoneal origin. 

This marks the end of the indifferent period, during which 
time the sex of the embryos has been indistinguishable mor- 
phologically. After this time, six and a half days (156 hours), 
a characteristic development is followed, respectively, by the 
left ovary, the right ovary, and by the testes. 

A brief synopsis of the known history of development of 
the gonads after sex differentiation follows : 

Testes. In the gonads of males the cells of the germinal 
epithelium very quickly become cubical in shape and are 
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reduced to a single layer. Hardly a single primordial germ 
cell remains in the epithelium, nearly all being included in 
the sesual cords which form the definitive seminiferous tu- 
bules. The sexual cords remain thin and attached to the 
germinal epithelium until after nine days, then they are 
entirely constricted off. Between the cords and the epithe- 
lium the connective-tissue stroma develops into a broad band, 
the definitive tunica albuginea. Elsewhere the stroma forms 
a kind of mesenchymal syncytium between the cords. The 
sexual cords continue to grow by mitosis of the epithelial 
cells. They increase in length, become convoluted, and later 
increase in diameter and anastomose so that they form a 
reticulum with large interstices. After thirteen days the 
primordial germ cells begin to increase in numbers mitotically, 
and concurrently the mitochondria become grouped around 
the attraction sphere ; this marks their transition into sperm- 
atogonia. After twenty days’ incubation, the spermatogonia 
which were previously scattered at random throughout the 
cord become arranged against the basement membrane, with 
one to three epithelial supporting cells between them. Lumina 
develop in the centers of the cords which now begin to re- 
^mble the definitive tubules. 

Left ovary. After the formation of the medullary cords 
ceases, the germinal epithelium of the left ovary, which has 
continued to increase in thickness, has several more layers 
than that of the male gonads or the right ovary. The number 
of primordial germ cells is greater in the germinal epithe- 
lium of the left ovary than that of the right ovary or the 
testes. This is accounted for by the fact that the increased 
thickness of the germinal epithelium removes many of the 
primordial germ cells from inclusion in the proliferating 
medullary cords (Swift, ’15, p. 460). This tissue is called 
cortex and is sharply distinguished from the underlying 
medulla which consists of medullary cords. A layer of con- 
nective tissue, the primary tunica albuginea, separates the 
two regions. 
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At eight days, there begins a period of rapid multiplication 
of the primordial germ cells in the cortex, which indicates 
the transition into oogonia. The mitochondria have assumed 
at this time a characteristic arrangement about the centro- 
sphere. The oogonia continue to divide through the ninth, 
tenth, and eleventh days. Their activity results in the forma- 
tion of the cords of the second proliferation, or the cortical 
cords from which the definitive ova and their follicular cells 
develop. These cords separate from the germinal epithelium 
which becomes reduced to a single layer of cubical to columnar 
cells. Connective tissue then forms the definitive tunica 
albuginea. 

Right ovary. The normal history of the right ovary re- 
sembles that of a testis in the absence of ingrowth of cords 
of the second proliferation. After the cords of the first 
proliferation are formed, the germinal epithelium remains 
thin, as a single layer of cuboidal cells, among which are a 
very few primordial germ cells. There is ordinarily no 
secondary proliferation of cortical cords such as occurs in 
the left ovary. The medullary cords continue to grow as 
they do in the left ovary, but more slowly. Throughout its 
development the right ovary is much smaller than the left. 
The further history of the right ovary will he considered in 
detail subsequently. As previously noted, Firket maintains 
that the right ovary degenerates completely. 

Primordial germ cells. An important part of this investiga- 
tion has been concerned with the prevalence and condition 
of cells known as pjimordial germ cells in the ovary (Wal- 
deyer, ’70). For the identification of these cells, criteria 
established by Firket (’14) and Swift (’14) have been used. 
In brief, the criteria are as follows: 

A single description will cover the condition of the pri- 
mordial germ cells from the time of their origin to their dif- 
ferentiation into oogonia. Change in their structure is limited 
to one or two features. The primordial germ cells are much 
larger in size than neighboring cells. Their average diameter 
is 16 M, although they may vary from 14 p to 22 p. Their 
shape, which is round or oval, is characteristic. 
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Tlie nucleus is large, 8 m to 12 a in diameter. It is spherical 
and vesicular, Avitli a definite nuclear membrane. The nu- 
cleus is clearer than those of other neighboring tissue cells, 
although the amount of chromatin is about the same. The 
greater size of the nucleus causes this appearance. The 
chromatin in the nucleus has a characteristic arrangement in 
two masses of granules, sometimes connected by threads of 
granules or separated by a clear interval. In the earliest 
stages the , chromatin is in the form of a reticulum. In the 
later stages approaching synapsis the arrangement becomes 
that of the various phases of meiosis. 

The nucleus is eccentrically placed in the primordial germ 
cells. At the pole where there is a wide expanse of cytoplasm 
there is located the attraction sphere. The attraction sphere, 
which is a striking diagnostic character especially in the pri- 
mordial germ cells, appears as a large condensed or flattened 
sphere of cytoplasm resting on, or slightly separated from, 
the nuclear membrane. It is from 3 p to 6 m thick and often 
is markedly discrete. 

Yolk remains in the younger primordial germ cells for 
some time in the form of spherules, but is mostly digested 
by the ninth day of incubation. This retention of yolk is 
probably related to the absence up to this time of mitoses in 
these cells (Swift). Evidence of mitoses in primordial germ 
cells is first conspicuous about the eighth day of incubation. 

Mitochondria, usually in the form of short rods, are present 
in the primordial germ cells. Up to the seventh day of incu- 
bation, they are evenly distributed throughout the cytoplasm. 
Following this, they are characteristically grouped in the 
form of a crescent or cap in the region of the eentrosphere. 

Another limiting character of the primordial germ cells 
is their extragenital origin and subsequent migration into 
the gonads. This fact was demonstrated by Swift ( T4) and 
has recently been confirmed by Richards, Hulpieu and Gold- 
smith (’26). A description of the origin and occurrence of 
the primordial germ cells has been given above. 
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My use of the term primordial germ cell is restricted to 
cells of this description. For the purpose of this investiga- 
tion, I have not attempted the finest methods of cytological 
technique for the differentiation of these elements. The 
diagnosis, however, is in every case unmistakable, except 
where uncertainty is expressed. The material does not per- 
mit a definite stand on the question of the possible peritoneal 
origin of definitive sex cells. 

Details of the investigation 

The details of the investigation have been divided into 
periods as follows; 

Embryo: Nine to fourteen days’ incubation. 

Embryo : Fourteen days ’ incubation to hatching. 

Chick ; First three weeks after hatching. 

Chick: Three weeks to six months. 

Adult hens : One year and six months old. 

The observations under each period, where the material 
permits, are organized under the following headings : 

Size and shape of the gonads. 

Anatomical relations of the gonads. 

General histology of the gonads. 

Cortex of the left ovary. 

Cortex of the right ovary. 

Medulla of the left ovary. 

Medulla of the right ovary. 

Primordial germ cells in the medulla of the left ovary. 

Primordial germ cells in the medulla of the right ovary. 

Interstitial elements of the left ovary. 

Interstitial elements of the right ovary. 

Mesonephros and mesonephric duct. 

Embryo: nine to fourteen days’ incubation. In the study 
of this stage forty-three embryos have been examined. Serial 
histological preparations have been made of the gonads of 
twenty-nine. Of these, eleven were of the right ovary only. 
Fourteen have been measured only. 



ASYMMETRY OF THE OVARIES OF THE FOWL 


13 


Size and shape of the gonads. When the viscera are re- 
moved from the body cavity, the gonads are seen to be con- 
spicuously white bodies lying on the ventromedial surface of 
the pink mesonephroi. The disparity in size between the 
right and left ovary is well marked at nine days’ incubation. 
In ten embryos examined, the left ovary was larger in every 
case. Similar asymmetry was observed in all other embryos 
examined in the entire investigation. The length of the right 
ovary at nine days’ incubation, averaged from measurement 
of five specimens, varied from one extreme of 1.4 mm. to 
2.0 mm. at the other, with the average length 1.5 mm. The 
left ovary of five embryos measured, varied from 2.0 mm. 
to 3.0 mm. in length. In seven embryos of ten days ’ incuba- 
tion measured, the right ovary averaged about 2.0 mm. The 
left ovary of eight embryos measured, varied from 2.5 mm. 
to 4.0 mm. In one embryo of eleven days ’ incubation meas- 
ured, the right ovary was 1.5 mm. long. The left ovary of 
two specimens measured 3.0 mm. and 4.0 mm., respectively, 
in length. The shape of the ovaries is illustrated by specimen 
E 124 of ten days’ incubation (fig. 1). Externally, this speci- 
men shows slight lobulations of its surface. Occasionally 
right ovaries show more pronounced lobulations which are 
correlated with development of cortical tissue beneath the 
prominences. 

Anatomical relations of the gonads. The three-lobed meta- 
nephros lies against the dorsal wall on each side of the spinal 
cord in the embryo of the fowl. The dorsal aorta lies between 
them. The two mesonephroi lying ventral to the metanephroi 
conceal most of the first lobes. The adrenal gland is triangu- 
lar in shape and fits into a medial concavity at the extreme 
anterior end of each mesonephros. The two iliac veins pass 
obliquely over the ventromedial surfaces of the mesonephroi 
and by a wide connection join together to form the postcaval 
vein about midway of the lengths of the mesonephroi. The 
postcaval vein then inclines to the right, passes over the 
ventral surface of the right adrenal gland, and enters the 
liver. 
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The left ovary conceals the left adrenal gland, beneath 
which it lies and extends posteriorly over the surface of the 
left mesonephros in a slig'htly medial direction. It lies partly 
on the surface of the postcaval vein. The posterior third of 
the ovary is folded dorsally, causing the gonad to assume a 
more medial position posterior to the conjunction of the 
iliac veins. 

The right ovary begins anteriorly along the right lateral 
side of and partly extending onto, the postcaval vein as a 
narrow indistinct body which tapers posteriorly. It attains 
clearer definition and maximum ^vidth at the level of the con- 
junction of the iliac veins. The position of the right ovary 
is even more oblique than that of the left. It begins at a 
considerable distance behind the anterior extremity of the 
left ovary, toward which it extends at a marked angle until 
reaching the medial side of the right mesonephros, along 
which it lies nearly to the level of the posterior end of the 
left ovary. The flexure of the right ovary is paralleled by 
an equally characteristic bend in the right testis (figs. 2, 3, 
and 4). 

Histology of the gonads. The histological description of 
the ovaries of this stage is based on a detailed examination 
of twenty-eight embryos. Eight of nine days ’ incubation, two 
being preparations of the right ovary only; ten of ten days’ 
incubation, three right ovary only; nine of eleven days’ incu- 
bation, six being right ovary only; and one of twelve days’ 
incubation. 

In the left ovary at the age of nine days ’ incubation there 
is already indication of a cortex, which covers the entire 
free . surface, and a medulla. The cortex consists chiefly of 
a germinal epithelium with groups of primordial germ cells. 
The medulla shows two distinct layers, a superficial layer 
beneath the cortex which merges into the second which has the 
form of a reticulum with large interstices. The cortex is 
separated from the medulla by a thin layer of connective 
tissue which forms the primary tunica albuginea. The right 
ovary differs decidedly in appearance from the left ovary. 
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There is, in general, no evidence of origin of a cortex and the 
medulla shows less of the compact and more of the reticular 
constitution. 

Cortex of the left ovary. The germinal epithelium of the 
left ovary is columnar and varies in thickness from one to 
four cells. It is sharply defined by a basement membrane 
and is separated from the medulla by connective-tissue stroma 
of the primary tunica albuginea. In between the epithelial 
cells are numerous primordial germ cells. As many as ten 
or twelve can be seen in a single low-power field. Some of' 
these cells show mitotic figures. The epithelium is not of 
uniform thickness. In places lobulations extend from its 
deep surface into the medulla. These indicate the genesis 
of cortical cords, or the cords of the second proliferation 
(%• 7). 

Cortex of the right ovary. The occurrence and arrange- 
ment of cortical material in the right ovary is highly variable. 
The surface of the ovary was in every case covered for almost 
its entire area by a cubical epithelium. In places the cells 
were much flattened or squamous. In practically every 
embryo it was not uncommon for primordial germ cells to 
lie among the small flattened cells of the epithelium. Usu- 
ally they were isolated. At times two or three were adjacent 
to each other (fig. 8). Firket cites and illustrates this phe- 
nomenon as being very exceptional (’20, fig. 9, pi. VII). 
Swift ( ’15) states that in the male gonads primordial germ 
cells are hardly ever left in the germinal epithelium after 
the cords of the first proliferation are constricted off. He 
cites Hoffman (’92) to the same effect. Such occurrence of 
primordial germ cells does not constitute cortex, although it 
is indicative of a possible tendency in that direction. The 
epithelial cells near such primordial germ cells are often 
more columnar than elsewhere. 

In a few of the embryos examined the right ovary showed 
sporadic patches of unmistakable ovarian cortex. In such 
patches extending through 50 p to 200 p the cells of the ger- 
minal epithelium were columnar and several layers thick. 
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Among the epithelial cells primordial germ cells were so 
numerous that the appearance was identical with that of the 
normal cortex of the left ovary (fig. 9). At the deep surface 
of such groups of primordial germ cells there often was a 
distinct basement membrane. There were cases of lesser 
degree of cortical development also, in which the germinal 
epithelium was single-layered and the cells less cylindrical. 
Some embryos showed a still more advanced condition. The 
germinal epithelium was columnar, cubical, or squamous, but 
constricted off from it and lying next to the medulla were 
occasional groups or cords of from four to twenty and more 
primordial germ cells. They were surrounded hy a basement 
membrane and a layer of connective-tissue stroma. Included 
in these cords with the oogonia were a few small epithelial 
cells. Cords of this type probably represent a stage later 
in development and leading to the type of large cortical cords 
found in the embryo at the age of fourteen and fifteen days. 
While it might he disputed whether these cords of cells origi- 
nate from the second proliferation or not, it seems very cer- 
tain that they are cortical cords which are detached from the 
germinal epithelium. The arrangement of the mitochondria 
is in the crescentic cap characteristic of oogonia. Accord- 
ingly, I have catalogued specimens of this nature as possess- 
ing cortical rudiments. In none of the cases was primary 
tunica albuginea developed to such an extent as in the left 
ovary. It was often difficult to find any trace of albuginea. 

The data with regard to the presence of cortex in the right 
ovary of embryos of this stage may he summarized in statisti- 
cal terms as follows: 

Of the eight embryos of nine days’ incubation studied 
histologically, two showed unmistakable evidence of cortex, 
three showed a possible tendency toward such formation and 
three showed no trace of cortex. Of the ten embryos of ten 
days ’ incubation, three showed cortical rudiments, one showed 
a cortical cord constricted off from the germinal epithelium, 
and six showed no indication of cortical rudiments. Of the 
nine embryos of eleven days’ incubation three showed patches 
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of cortex, one showed a well-defined cortex and also a large 
cord in the mednlla. The total percentage showing cortical 
rudiments out of the twenty-eight examined was approxi- 
mately 33 per cent. This appearance of scattered rudiments 
of cortex in the right ovary in such a large proportion of the 
embryos examined was unexpected. 

Medulla of the right ovary. The medulla of the right ovary 
has the same cellular elements which have been described as 
composing the medulla of the left ovary. The structural 
arrangement varies from the uniform character of the left 
medulla and also varies in different specimens. In all cases 
the texture is much looser than that of the left . medulla. 
There is no region of solid cords of epithelial cells, but dis- 
tended cords lie against the germinal epithelium itself (fig. 
11). Solid areas are less numerous and isolated. This con- 
dition bears no relation to any particular region or level 
of the gonads and varies in different specimens. In one case, 
specimen E 305, the medulla is much more solid than in the 
others and resembles in texture the left ovary. Where corti- 
cal rudiments are well developed, the underlying medullary 
tissue is correspondingly more compact than elsewhere. In 
the right ovary both the solid and the distended medullary 
cords are more clearly differentiated than in the left ovary. 
As a rule, the epithelial cells of distended cords are very 
squamous. At the region of attachment of the right ovary 
to the mesonephros the distended medullary cords are smaller 
than the correspondingly placed cords in the left ovary. 
Mitotic activity is often found in the epithelial cells of the 
medullary cords. Isolated epithelial cells are common and 
may be found in the process of division. The isolated cells 
are much larger than those in the cords. 

Primordial germ cells in the medulla of the left ovary. 
Primordial germ cells are found as constituents of the medul- 
lary cords, but usually not in the compact part of the medulla. 
Where the cords are partially distended and clearly defined, 
one or two may be found in the epithelial wall of the tubule. 
In other cases the epithelial cells closely surround a single 
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primordial cell, or a small group of two or three are included 
in a cord of epithelial ceils. Very often a single primordial 
germ cell or a group of two or three is seen loose in the lumen 
of a larger tubule whose wall has become flattened or squa- 
mous epithelium. Primordial germ cells are also found 
isolated or in groups of two or three among the intei'cordal 
or intertubular cells. Occasionally mitotic figures are found 
in primordial cells in the medulla. 

Primordial germ cells in the medulla of the right ovary. 
The number of primordial germ cells varies. In some ovaries 
there are only a few in a section, while in others they are 
conspicuously abundant, as many as ten or twelve in a single 
low-power field, or twenty to twenty-five in a section. The 
primordial germ cells appear to be relatively more numerous 
than in the medulla of the left ovary. In the latter they are 
restricted to the trabecular part of the medulla. The pri- 
mordial germ cells occur in the same manner as in the left 
medulla, namely, loose in the lumina of distended cords, in 
the walls of distended cords, in solid cords with other epi- 
thelial cells, and isolated. 

Interstitial elements of the left medulla. In addition to 
the cellular components mentioned, there are in the medulla 
connective-tissue cells of the stroma, blood sinusoids often 
filled with erythrocytes, and numerous small round dark- 
staining ^primitive wandering cells,’ and less numerous oval 
eosinophilic granular leucocytes. The connective-tissue cells 
of the stroma give no indication of a differentiation as secre- 
tory cells. 

Interstitial elements of the right ovary. Intercordal or 
intertubular tissue in the right medulla is similar to that of 
the left medulla. It includes connective-tissue ceils of the 
stroma, erythrocytes in blood sinusoids, numerous primitive 
wandering cells and granular leucocytes. 

Embryos of fourteen clays’ incubation to hatching. Size 
and shape of gonads (compare figs. 3 and 4). Thirty-five 
embryos at this period of development were examined. 
Measurements were taken of thirty-one and histological 
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preparations were made of nine. Both the left and right 
ovaries have increased in size, but the left has grown rela- 
tively much more than the right ovary. The left ovary varies 
in length from 3.5 mm. to 7.0 mm. The majority measure 
about 5.5 mm. in length and 1.5 mm. in width. The right 
ovary varies in length from 1.2 mm. to 3.5 mm. Fourteen 
measure 2.0 'mm. in length. The width varies from 0.5 mm. to 
0.9 mm. 

Anatomical relations of the gonads. The positions of the 
gonads with respect to surrounding viscera are practically the 
same as at nine days’ incubation. The right ovary lies ob- 
liquely along the lateral edge of the postcaval vein, reaches 
its greatest width at the level of the conjunction of the iliac 
veins, and then lies along the median surface of the right 
mesonephros. The right ovary varies in external appearance 
in different embryos. Some are poorly differentiated from 
the adjacent mesonephric tissue, while others are well defined. 
Two specimens of fifteen days’ incubation, E 140 (fig. 3) and 
E 464 and one of sixteen days ’ incubation are remarkable for 
a distinctly lobed appearance and a more opaque and compact 
texture. As will be noted later, histological examination 
showed th^t these lobulations were correlated with the ex- 
istence of well-defined cortical cords. 

Histology of the gonads. The left ovary has a general ap- 
pearance similar to that of the nine-day embryo. The cortex 
is very distinct, is thicker, and has much more massive cords 
of oogonia (Swift, ’15). The zone of compact medullary tis- 
sue shows no apparent change. The spongy trabecular part 
has increased relatively. 

Cortex of the left ovary. The cortex of the left ovaries 
examined shows the uniform character of development de- 
scribed by Swift (’15). The germinal epithelium is now 
reduced to a single layer of cubical to columnar cells. It is 
thicker occasionally between cortical cords. The cortex is 
thicker and less homogeneous in character due to the mitotic 
activity of primordial germ cells which has resulted in the 
formation of large cords of definitive oogonia, the cords of 
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the second proliferation. These cortical cords are composed 
of epithelial cells which become the definitive follicular cells 
and oogonia. The nuclei of the oogonia are very large, some 
being much larger than others. They are vesicular in ap- 
pearance and show a marked condensation on the cytoplasm, 
the mitochondrial crescent. In some of the cords a few of 
the cells are in preleptotene stages of meiosis. The cortical 
cords are surrounded by connective-tissue stroma which 
isolates them from each other and from the medulla into 
which they extend. The primary tunica albuginea becomes 
less and less conspicuous in the older stages. The true 
ovarian albuginea is indicated between the cortical cords and 
the germinal epithelium by a few connective-tissue cells. 

Cortex of the right ovary. The cortex of right ovaries at 
this stage of development shows variability. Of the nine 
embryos in this group studied histologically, four showed no 
indication of cortical rudiments, while five showed well- 
developed cortical cords in isolated areas. In the cases with 
no cortex there is only a flat germinal epithelium with single 
primordial germ cells occasionally included. The cells of 
the epithelium are usually flat to cubical, but occasionally 
columnar. 

Of the specimens possessing cortical rudiments, E 140 of 
fifteen days’ incubation shows a striking and exceptional de- 
velopment of cortex (figs. 3, 12, and 14). The right ovary 
in this case was shorter and wider than others of its age 
and was marked externally by rounded prominences. Histo- 
logical examination showed that the lobulations are caused 
by the protrusion of large cords of oogonia. The distribution 
of this thick cortical layer is not continuous over the surface 
of the medulla, although it covers nearly the whole of the 
free surface of the gonad. Where the cortical cords are 
absent, the expanded medullary cords extend to the flat 
germinal epithelium. The germinal epithelium is also flat 
and well defined over the cortical cords. In a few spots it 
has cells elongated to a typical columnar type. 
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The cords of oogonia are massive, containing in certain 
cases over a hundred cells of the oogenetic line. A delicate 
layer of connective-tissue stroma separates the cords from 
the germinal epithelium, from each other and from the 
medulla. Neither primary nor definitive tunica albuginea is 
■well developed. The cortex of this right ovary has a very 
different appearance from that of typical left ovarian cortex 
because of the great number of oogonia in a group -without 
intervening strands of connective tissue. The oogonia them- 
selves are practically identical with those of the left ovary. 
A few small epithelial cells are present among them. 

Four other specimens showed smaller cortical cords of 
oogonia. These masses of oogonia are evidently develop- 
ments of the sort of cortical rudiments observed in the earlier 
stages. Specimen E 494 of sixteen days ’ incubation which 
showed externally lobulations on the surface of the right 
ovary like specimen E 140, possessed correspondingly well- 
developed cortical cords, whereas specimen E 224, whose 
external surface was entirely smooth, showed no evidence 
of cortical rudiments (figs. 4 and 13). 

Medulla of the left ovary. :In the stage of development 
from fourteen days’ incubation to hatching the medulla has 
increased in size due to the distention of additional medul- 
lary cords and the further distention of others. The texture 
consequently is more porous in appearance in sections than 
at nine days. The cavities of the cords extend throughout 
the medulla to the primary tunica albuginea. The distended 
cords distal to the hilus have cubical cells, while others are 
lined by squamous cells. The solid medullary cords which 
do not become distended gradually undergo, after approxi- 
mately twelve days ’ incubation, a series of degenerative 
changes which sharply differentiate them. Round or oval 
masses of from four to twenty of the epithelial cells are 
bound together by a basement membrane and surrounded by 
a thin connective-tissue stroma. In. most cases there is no 
lumen at the center of the cord. The cells become slightly 
larger than they were originally and the cytoplasm becomes 
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clear in sections, dne to the formation of vacuoles by the 
dissolution of fat. The nuclei are round or oval and placed 
centrally or eccentrically. The nucleus shrinks very gradu- 
ally, its karyoplasm stains more deeply and of the coarse 
masses of chromatin one or two stand out like nucleoli. These 
conspicuous cords are scattered throughout the medulla, but 
often form a band just within the cortex. Epithelial cells 
of these medullary cords are often found isolated in inter- 
tubular positions. In this condition they are conspicuously 
large and the cytoplasm is much vacuolated (fig. 10). 

Such cords of clear cells have been observed frequently 
in previous studies of the gonads of the fowl. Waldeyer 
( 70) reported them first. Granfani, Sonnenbrodt, and Poll 
observed them in the theca interna of ovarian follicles of the 
left ovary. Des Cilleuls (’12) and Firket (’14) called them 
interstitial tissue. Boring and Pearl (’17) distinguish the 
clear cells from other so-called ‘interstitial cells’ and (Pearl 
and Boring, ’18) named them ‘lutear’ cells, ascribing to them 
an endocrine function in the ovary of the hen, homologous 
to the cells of the corpus luteum in mammals. Nonidez ( ’22 a, 
’22b, ’24) considers the term ‘luteal’ to be misleading and 
that the function of the cells is more likely trophic than 
endocrine. He says ( ’22 b) ; 

Until their true function can be demonstrated, it seems more con- 
venient to speak of the clusters as ‘remnants of the sexual cords’ 
since in both sexes they are derived from these structures, and we 
may refer to the cells themselves as the ‘ fat-laden cells ’ of the clusters. 

Observations of Benoit (’23 c, ’26 b), Poll and Fell (’23) 
confirm Nonidez’ idea of their origin. Benoit calls them the 
‘glandular interstitial cells’ and later ‘L’ cells or alveolar 
interstitial cells. In subsequent reference to these cells they 
will be called ‘fat-laden cells,’ following the usage of Nonidez. 

Medulla of the right ovary. The slight increase in size 
of the right ovary in the stages preceding hatching is due 
chiefly to a greater number of distended medullary cords. 
The medulla of the right ovary is thinner than that of the 
left ovary, but varies both in its thickness and in texture in 
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different specimens and at different levels of the same ovary. 
The right medulla at its anterior extremity alongside of the 
postcaval vein is usually fibrous or poorly knit in texture and 
flatter than elsewhere. It is usually thickest at the level 
of its maximum width which occurs opposite the conjunction 
of the iliac veins. The right medulla varies in thickness 
from 0.14 mm. to 0.23 mm., whereas the solid part of the left 
medulla varies in thickness from 0.23 mm. to 0.3 mm. The 
right ovary of specimen E 239 is narrower and. plumper, 
reaching a thickness of 0.39 mm. The correlation noted previ- 
ously between the existence of cortical cords and more com- 
pact medullary tissue beneath them exists in these ovaries. 
Specimen E 140 of fifteen days ’ incubation and E 504 of 
eighteen days’ incubation particularly illustrate this. Some 
of the ovaries have a more trabecular and fibrous appearance. 
Specimen E 239 of eighteen days ’ incubation is, very spongy 
and is highly vascularized with large blood sinusoids filled 
with erythrocytes underl 3 dng the germinal epithelium. 

The cellular constituents are the same as those in the left 
medulla. The number of compact medullary cords of cells 
with clear cytoplasm, the ‘fat-laden cells,’ possibly due to 
further degenerative changes in the right ovary has increased. 
They are conspicuous. In some embryos they are more 
numerous than in others. Some of the cords are cylindrical, 
while others appear elliptical in section. They contain from 
ten to twenty and more cells. As many as twelve such cords 
can be counted in an ovary. At this age, solid cords of 
primordial germ cells are more conspicuous in the medulla 
than at any previous stage of development. They are strik- 
ingly differentiated by their granular cytoplasm and large 
round vesicular nuclei. In many cases large cords contain 
both primordial germ cells and epithelial cells which have 
not degenerated. These latter cells show little or no vacuola- 
tion. The distended medullary cords are not well defined. 
The epithelial nature of the wall is often difficult to see be- 
cause of the very squamous condition of the cells. The 
cavities appear frequently as irregular openings lined with 
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scattered nuclei and protoplasmic sheets. Medullary cells 
are found isolated and in phases of mitosis. 

Primordial germ cells in the left medulla. Tlie number and 
distribution of primordial germ cells vary. In some cases 
very few appear in the solid part of the medulla, while groups 
of two cells or isolated cells are scattered sparsely in the 
region of distended tubules close to the attachment of the 
gonad to the mesonephros. In another specimen such as 
E 246 of nineteen days’ incubation primordial germ cells are 
very numerous throughout the left medulla. In this case as 
in others they are relatively less abundant than in the right 
medulla. Groups of two or three cells or cords of four to 
eight cells delimited by a basement membrane and stroma 
are found scattered in the medulla. Many of the primordial 
germ cells are isolated. Occasionally there are mixed cords 
with two or three primordial germ cells and four or more 
medullary cells surrounding them. 

Primordial germ cells in the right medulla. In specimens 
of this age the primordial germ cells are especially numerous, 
and relatively more so in the right medulla than in the left. 
As many as ten to twenty are found in a single low-power 
field or from thirty to forty in the medulla. Some of the 
primordial germ cells are isolated. This is true particularly 
in the loose trabecular zone of the medulla. But the solid 
cords of primordial germ cells only, bound together by a 
basement membrane and strands of connective tissue ai-e 
conspicuously abundant at this time. These cords are dis- 
tributed throughout the medulla. Mitotic figures indicate 
that the increased number in groups is due to division. Groups 
of primordial germ cells are occasionally found loose inside 
of tubules or the elongated cavities of distended medullary 
cords. Very infrequently primordial germ cells are found 
in the epithelium. The primordial germ cells in the medulla 
are mostly in the resting stage. Some show a distinct mito- 
chondrial crescent similar to the oogonia in the cortex. Some 
of the cells show preleptotene phases of meiosis. There is 
no lessened number of primordial germ cells in the medulla. 
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apparently, correlated with the presence of cortical cords. 
There are possible signs of alteration of primordial germ 
cells. Some appear to be shrunken. Some of the nuclei ap- 
pear to have divided into one or two fragments. There is 
little evidence of any phagocytosis or aggregation of cells 
to aid in destructive processes. 

Interstitial elements of the left medulla. Among the inter- 
stitial elements at this age of embryonic development is a 
very marked abundance of small round lymphocytes scattered 
profusely through the medulla and in the primary tunica 
albuginea. There are also hematopoietic foci with granular 
cells known as granulocytes. 

Interstitial elements of the right medulla. Interdigitating 
strands of stroma with their characteristic connective-tissue 
nuclei are well defined between the cords. Hematopoietic foci 
extend through many sections and contain groups of ten to 
twenty granulocytes. Few, if any, of the small round ‘primi- 
tive wandering cells’ previously described are found after 
fourteen and fifteen days ’ incubation. 

CMchs: First three weeks after hatching. The history 
of the left ovary subsequent to hatching has been described 
by d’Hollander (’04), Sonnenbrodt (’08), and others. The 
cortex increases greatly in size. According to Sonnenbrodt, 
mitosis among the oogonia stops at hatching and the growth 
of the oocytes follows. At three days after hatching, epi- 
thelial cells from the cortical layer begin to form the fol- 
licular layers around the oocytes, and by the eighth day the 
formation of the follicles is completed. After the first month 
the surface of the ovary becomes lobed and pebbled in ap- 
pearance, due to the projection outward of the follicles con- 
taining oocytes. Sexual maturity is reached at the age of 
six months. The development of the left ovary will not be 
described further. 

While the occurrence of a rudiment of the right ovary of 
variable nature and degree of -development has been ob- 
served in the adult, the stages in the history of the rudiment 
after hatching have not been completely described previously 



26 


MALCOLM D. ERODE 


in the fowl. In the following study of the right rudiment 
after hatching the description of stages of development has 
been organized into three parts, namely, chicks of the first 
three weeks after hatching, chicks from three weeks after 
hatching to sexual maturity at six months, and adult hens. 

For this stage, forty-one chicks were examined at the ages 
of 1 day, 3 days, 5 days, 8 days, 10 days, 12 days, 15 days, 
and 17 days after hatching. Serial sections were made of 
five of the specimens, namely, C 300 and C 800 of 3 days’ age, 
C 405 of 8 days, C 312 of 10 days, and C 408 of 15 days. 

Size and shape. The right ovary, in contrast to the left, 
at this time is retarded in development, but in all of the cases 
examined appeared as a small rudiment lying partly oir the 
postcaval vein and partly on the right iliac vein. The I’udi- 
ment was readily distinguished from the right mesonephros, 
alongside of which it lay. Its texture was more diffuse, but 
otherwise the gonad was quite similar to the stage previous 
to hatching. The length of the ovary as calculated from the 
five specimens sectioned ranged from 3.8 to 2.6 mm. 

Cortex of the right ovary. Two of the five specimens ex- 
amined histologically showed presence of cortex well devel- 
oped, C 300 and C 800. Specimen C 408 showed a very small 
extent, of columnar epithelium with primordial germ cells 
included. 

In spots the germinal epithelium was columnar instead of 
flattened and in it were large oogonia or oocytes. At places 
beneath the columnar epithelium and also under the flattened 
epithelium were cords consisting of from four to ten oogonia 
only. In specimen C 800 there were large cortical cords con- 
taining thirty or forty oogonia (fig. 10). Probable develop- 
ment of follicles was indicated in one instance. In specimen 
C 800 there were several cords of epithelial cells homologous 
to those epithelial cells in the left ovary which had become 
differentiated as follicular or granulosa cells. In one of these 
there was an oocyte in the center (fig. 10, cor.cd). The others 
consisted only of columnar epithelial cells with unvacuolated 
granular cytoplasm. The nuclei were peripherally placed, 
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ill which respect they differed from the clusters of ‘fat-laden 
cells’ of the medulla, whose nuclei tended to be grouped 
centripetally. The nuclei of these follicular cells resembled 
those of the follicular cells of the left ovary in every detail. 
The karyoplasm stained darkly, and there were large 
granules. The shape was oval or round and, the size notice- 
ably larger than the round nuclei of the ‘fat-laden cells.’ 
Benoit (’26h) considers such cells which he calls type C 
to transform into alveolar interstitial cells (type L) similar 
to those formed from remnants of medullary cords of the 
first proliferation. 

Medulla of the right ovary. The texture and composition 
of the right medulla is practically the same as noted for the 
stages just preceding hatching. The outlines of the distended 
medullary cords have become more irregular. The clusters 
of ‘fat-laden cells’ have become very numerous and are con- 
spicuous because of their clear vacuolated cytoplasm. In 
these the amount of cytoplasm has increased and the nuclei 
are pushed toward the center of the cord. The numbers of 
clusters of ‘fat-laden cells’ is relatively more than at earlier 
stages. Intermediate stages exist in -which medullary cords 
containing both epithelial cells and primordial germ cells are 
transforming into clusters of ‘fat-laden cells.’ The few epi- 
thelial cells ^yhich have been isolated from the cords grow 
to very large size and are round. 

Primordial germ cells in the right medulla. Primordial 
germ cells are readily observable in all of the specimens 
examined. They are usually found isolated or in pairs, but 
occasionally there are groups of four to eight. Some of the 
sections showed only a few primordial germ cells or oogonia, 
but in sections taken at different levels it was common to 
find from six to twenty. Very often single primordial germ 
cells or groups of two or four were loose in the cavities of 
distended medullary cords. 

Chicks : Three weeks to six months. For the stage between 
three weeks after hatching and sexual maturity at six months, 
fifty-three specimens were examined at intervals of two 
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weeks. Serial sections were made of the light ovaries of 
twelve of these. 

The right ovary is no longer visible as a distinctly de- 
limited body, but lies on the ventral and lateral surface of 
the postcaval vein in the form of wrinkled strands of tissue 
which cannot easily be distinguished from the tissue of the 
mesonephros and the postcaval vein. The gonad tissue may 
extend a slight distance onto the ventral surface of the right 
iliac vein. 

Sectioning shows that the length of the rudiment varies 
from 2.2 mm. to 6.8 mm. in length. The measurements show 
a variation in the length, but also a gradual increase in 
length with increase in ag'e as follows: 


Specimen 

0 414, 

22 days. 

2.2 

mm. 

Sp(’cinie7i 

0 601, 90 days, 

4.4 

mm. 

0 831, 

35 days. 

4.3 

mm. 

0 502, 90 days, 

6.7 

mm. 

0 422, 

36 days, 

3.5 

mm. 

0 505, 104 days, 

5.3 

mm. 

0 430, 

63 days. 

4.5 

mm. 

0 508, 118 days. 

4.5 

mm. 

0 433, 

77 days. 

4.4 

mm. 

0 510, 146 days. 

6.8 

mm. 

C 500, 

90 days. 

5.8 

mm. 

0 517, 174 days. 

5.5 

mm. 


The texture of the gonad tissue is much more fibrous as a 
whole than at any stage previous. There is, however, con- 
siderable variability in its compactness which is correlated 
with its width and thickness, for as the tissue lengthens it 
thins out. 

Width of the gonad at different levels and in different 
chicks varies from 0.3 mm. to 1.2 mm. The usual width where 
the gonad attains its maximum size is about 0.8 mm. The 
thickness varies from 0.05 mm. to 0.4 mm. For the most 
of its extent the gonad is less than 0.15 mm. thick. Greater 
thickness is usually due to a more spongy and loose condi- 
tion. Specimen 0 414, 22 days old, contains a very scant 
amount of tissue which is in the form of loose strands spread 
widely and thinly on the ventral surface of the postcaval 
vein. The gonad usually consists of a thick mass adjacent 
to the mesonephros, which tapers laterally to thinness on 
the surface of the postcaval vein. 
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A striking exception to the prevailing condition of the 
rudiment is that shown in specimen C 505, 104 days old, in 
which there is a thick cortex with well-developed follicles 
(fig. 16). In this case the gonad is over 1 mm. wide and 
0.5 mm. thick. 

As a rule, it is difficult to diagnose the presence of cortical 
rudiments without sectioning. In the older chicks the whole 
gonad is often overlaid by a thick layer of connective tissue 
which is continuous with that of the surface layers of the 
postcaval vein. The presence of cortex, however, can usually 
be detected on external examination because the masses of 
follicles are more opaque and whiter than the medullary 
tissue. From external examination it is evident that follicles 
may occur in spots sporadically at different regions of the 
rudiment. Sometimes there are several such spots in a single 
rudiment. 

Cortex of the right ovary. The germinal epithelium con- 
sists of a single layer of flattened cells, ordinarily. In speci- 
men C 505, 104 days, which has well-differentiated cortex 
over nearly the whole surface the germinal epithelium is 
for the most part columnar and one or two cells thick. A 
few strands of definitive tunica albuginea underlie it. 

Cortex exists in three others of the sectioned specimens, 
C 430, 63 days, C 510, 146 days, and C 517, 174 days. In 
specimen C'430 most of the rudiment is medullary tissue only, 
but at onje spot there are several oocytes surrounded by 
follicular cells. There are also groups of follicle cells by 
themselves. In specimen 0 517, 6 months old, there is one 
group of many follicles which extends over a millimeter in 
length, and then at some distance from this group is another 
small group of oocytes in follicles. Clusters of follicular 
cells alone are also present among the follicles. Specimen 
C 510 has one small group of follicles. 

The cortex in specimen C 505 is typically ovarian (fig. 16). 
It extends over most of the surface of the gonad, which is 
over a millimeter wide, for nearly its entire length. Its 
thickness depends on the size of the follicles. The follicles 
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vary in diameter from 0.05 mm. to 0.3 mm. As many as nine 
follicles are present in a single section. The more mature 
follicles have penetrated into the medulla, and at no place is 
the cortex sharply distinguishable from the medulla. 

Aledulla of the right ovary. As previously mentioned, the 
medulla is more compact where it adjoins the mesonephros. 
For the most part it is very fibrous and trabecular. The dis- 
tended medullary cords have indefinite walls and the clusters 
of ‘fat-laden cells’ and isolated cells abut into them. Cords 
of clear ‘fat-laden cells’ are conspicuously abundant througli- 
out the medulla. Some of these cords whose degeneration 
evidently began earlier than that of others show large 
vacuoles and nuclei which have contracted and shrunk. In 
others the nuclei are large and round. A few' isolated medul- 
lary cells are found. Occasionally a mixed cord with a 
shrunken primordial germ cell surrounded by ‘fat-laden cells’ 
is observed. 

Primordial germ cells in the right medulla. Primordial 
germ cells are found very rarely. They are usually isolated 
and in rather shrunken condition. Occasionally, a group of 
two or three together is found. It is a noteworthy fact that 
in all of the specimens of this stage examined histologically 
there is practically a complete absence of primordial germ 
cells in the medulla of the right ovary. Not more tlian one 
or two are ever found in a section, and most sections show 
none whatever. The few that are found usually consist of a 
very shrunken nucleus and very little of the typicid granular 
cytoplasm. The probable fate of the primordial germ cells 
appears to be a disappearance due to gradual atrophy. There 
w'as some indicating that the nucleus at times breaks down 
into smaller fragments. 

Interstitial elements of the right ovary. Interstitial ele- 
ments of the right ovary which should be noted are occasional 
groups of granulocytes in hematopoietic foci. In some speci- 
mens large cords of dark-staining granular cells appear, 
which have the appearance of an involuting body. Fibrous 
connective-tissue cells were present, but none gave appear- 
ance of differentiation for secretion. 
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Adult hens: One year and six tnonths old. At this age 
fifteen specimens were examined. Serial sections were made 
of two of the rudimentary right ovaries. Hens at this state of 
maturity show three types of development of the right gonad. 
In the majority ‘of the cases (eleven specimens) the right 
gonad is a rudiment of poorly defined tissue lying on the 
ventral face of the postcaval vein lateral to the mesonephros. 
In two exceptional cases, C 601 (fig. 5) and C 680, there is an 
unmistakable ovary somewhat smaller in size than the 
normal left ovary, but composed of large follicles. The third 
type of development occurs apparently in a few instances. 
The rudiment is similar to the first type described, except 
for the presence of small lumps of cortical tissue containing 
four or five follicles. These lumps may be scattered at 
some distance apart along the vein. Survey of adult hens 
thus leads to the conclusion that the rudiment of the right 
ovary which persists has a capacity for development which 
ranges from somewhat normal cortex to medulla only. 

Cortex of the right ovary. The cortex which develops on 
the right side appears identical with that of the left ovary, 
although it is less in size. In specimen 0 680 the left ovary 
was 3 cm. long and 1 cm. wide, while the right ovary was 
2 cm. long and 0.7 cm. wide. In specimen C 601 the left 
ovary was 2.8 cm. long and 1.5 cm. wide, while the right 
ovary was 1 cm. long and 0.5 cm. wide. Specimen C 603, 
which showed two small groups of follicles spaced widely 
apart in the region of the rudiment, was sectioned. The 
oocytes surrounded by their follicular layers were identical 
to similar follicles in the adult left ovary (fig. 17, 18). 

Medulla of the right ovary. In specimen C 600, which had 
no rudiments of cortex, the medullary tissue lay as a thin 
sheet on the ventral surface of the postcaval vein for a 
distance of 7.7 mm. In specimen C 603, which had two small 
groups of follicles, the medullary tissue extended through 
9.2 mm. The cellular composition of the medulla is the same 
as that of the precediilg stage. Distended medullary cords 
are present. Clusters of 'fat-laden cells’ with clear yellow- 
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isli cytoplasm are conspieuous. Some of these are isolated 
and round in shape. 

Primordial germ cells in the medulla of the right ovary. 
There is no evidence of primordial germ cells in the right 
ovary except for an occasional shrunken nucleus whose 
identification is doubtful. 

History of the m.esonephros and mesonephric duct 

In the literature it is commonly stated that the meso- 
nephric bodies and mesonephric ducts of the female degener- 
ate shortly after hatching (Firket, ’20). In the present 
investigation, along with the study of the ovaries, a chrono- 
logical examination was made of the meson epliroi and the 
mesonephric ducts. Distinct remnants of both the right 
mesonephros and the right mesonephric duct were found to 
persist in females to sexual maturity and in adult hens a 
year and a half old. The later stages of the left mesonephros 
and mesonephric duct were not studied in detail, but ap- 
parently their fate is the same as the right. 

In the chicks examined just after hatching the mesonephroi 
are easily recognized. They are reduced in size, but easily 
distinguishable from the three-lobed metanephroi. In later 
stages the left mesonephros is concealed by the greatly en- 
larged left ovary. The right mesonephros, however, was 
located as a small body in all of the specimens. In chicks 
over three weeks old the mesonephro.s is separated from the 
metanephros and lies as a small strand of tissue on the 
lateral wall of the postcaval vein. The right ovary is ad- 
jacent to the mesonephros medially (compare figs. 15, 16, 
17). From the mesonephros the mesonephric duct can be 
traced posteriorly. It is thread-like and small in diameter, 
but has a patent lumen. The duct crosses the surface of 
the metanephros and lies adjacent to the metanephric duct, 
alongside of which it enters the cloaca. 

Histological preparations were made of the mesonephros 
at different ages. At three weeks after hatching, the bulk 
of the body consists of collecting tubules. Toward the median 
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side large glomeruli are conspicuous and numerous. The 
rete cords, situated between the mesonephros and the medulla 
of the ovary, are not well defined. At thirty-five days after 
hatching, the body of the mesonephros consists mostly of a 
mass of convoluted tubules, the epoophoron which is the 
homologue of the epididymis of the male. Renal corpuscles 
are scarce. The mass of rete cords is now conspicuous, con- 
sisting of anastomosing cords with open lumina. In speci- 
mens of 63 days, 77 days (fig. 15), and 147 days (6 months), 
after hatching, the tubules of the epoophoron have larger 
lumina, the epithelial walls of the tubules are reduced, and 
the rete tubules are ver}^ conspicuous. In the adult hen the 
right ovary is some distance from the right mesonephros, 
hut long rete tubules connect the two (fig. 17). The meso- 
nephros consists of a reduced number of convoluted tubules 
and in some respects has the appearance of an involuting 
body. 

From the specimens examined it is shoAvn that there exists 
in the adult hen, in relation to the right rudimentary ovary 
by means of the rete cords, epoophoron, and mesonephric 
duct a basis for a complete viable system of testis ducts (figs. 
1, 3, 4, 6, 12, 13, 14, and 18). 

Summary statement of results 

A primary result of this investigation has been to demon- 
strate that, contrary to the views of many previous investi- 
gators, a rudiment of the right ovary persists not only 
through embryonic life, but remains after hatching up to 
adult life as a mass of tissue of variable composition. 

In 61 per cent of the fifty-six specimens examined histologi- 
cally at various ages the rudiment consists of medullary 
tissue only (thirty-four cases). In 39 per cent of the speci- 
mens (twenty-two cases) cortical rudiments were present. 

The development df medullary and cortical tissue was 
followed chronologically from nine days ’ incubation to a year 
and a half after hatching. 
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Cousidering, first, cases lacking cortical tissue, it is es- 
sential to follow the fate of the medullary cords, the fate 
of the primordial germ cells, and the fate of the interstitial 
elements. 

At nine days’ incubation there is a medulla filled com- 
pactly with the medullary cords formed in the first prolifera- 
tion of sexual cords at six days’ incubation. The germinal 
epithelium consists of flattened cells which are quiescent. 
There is no secondary proliferation of sexual cords homo- 
logous to the cortical cords which normally develop in the 
left ovary at approximately eleven days’ incubation. The 
right ovary in these cases is therefore homologous to a testis 
in an embryological sense. 

The medullary cords follow two , courses of development. 
Some of them, even before nine days’ incubation, begin to 
form lumina in their centers, following which they become 
more and more distended until they are scarcely recognizable 
as derivatives of epithelium. As the lumina become large, 
they form irregular cavities which extend throughout the 
gonad, and the epithelial cells become very much flattened. 
The result is that the medulla in adults appears to be of a 
loose reticular nature. It becomes less and less compact, 
so that, subsequent to the stage of three weeks after hatch- 
ing, the loose strands of tissue spread out thinly on ilie {)ost- 
caval vein, causing the rudiment to be longer than at any tinui 
in its early development. In the adult a thick layer of con- 
nective tissue continuous with the adventitious layiu's of t,he 
postcaval vein grows over the surface of the medulla, which 
makes it difficult to distinguish as a gonad. Other medulla 
cords assume a peculiar differentiation. After fourteen days ’ 
incubation groups of four to twelve and more epithelial cells, 
remnants of the medullary cords, are conspicuously separated 
into groups by a basement membrane and surrounding layers 
of connective tissue. The cytoplasm of the cells becomes 
very clear, due to infiltration of fat, upon the dissolution of 
which in fixation large vacuolations are left. The vacuoles 
increase in size so that the cords of cells are much expanded 
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ill the tissue of adult gonads. The nuclei of these fat-laden 
cells stain more darkly than ordinary epithelial cells. They 
are round at first and tend to be pushed toward the center 
of the cords. In some of the adult tissue the nuclei have 
shrunk to irregular masses. Such remnants of the medullary 
cords as here described are very conspicuous in the rudi- 
ment of the right gonad in adult hens. 

Primordial germ cells, at the time the gonad is first formed, 
are scattered throughout the mesenchyme, which is later 
included in the medulla. When the first proliferation of 
sexual cords occurs at six days’ incubation, additional pri- 
mordial germ cells are carried into the medulla along wdth 
the epithelial cells of the medullary cords. Still other pri- 
mordial germ cells may migrate into the medulla from the 
germinal epithelium by their power of amoeboid movement. 
At first the primordial germ cells are quiescent. After nine 
days’ incubation, however, mitotic activity is seen among 
them occasionally, and in the stages just before and just 
after hatching there are nests or groups of two to eight 
oogonia which are the result of such activity. The trans- 
formation of primordial germ cells into oogonia and oocytes 
occurs more slowly in the medulla than in the cortex of the 
left ovary. All of the primordial germ cells do not become 
oogonia at the same time, but some of them have the mito- 
chondrial crescent characteristic of oogonia after nine days’ 
incubation. Some of the oogonia show preleptotene stages 
of meiosis, but very few, if any, develop into oocytes. By 
three weeks after hatching, the number of primordial germ 
cells, wdiich previously was relatively great, is much reduced. 
Up to three weeks after hatching, oogonia are conspicuously 
numerous in the medulla. As many as ten to twenty can be 
counted in most of the sections. In the specimens examined 
after three weeks subsequent to hatching there was a striking 
reduction in the number of oogonia leading to complete dis- 
appearance ultimately. The few still persisting at three 
weeks showed signs of degeneration chiefly by shrinkage 
and atrophy. In earlier stages, such as eighteen days’ incu- 
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bation, occasional oogonia were seen with shrmiken nuclei. 
Apparently, the fate of the primordial germ cells in the 
medulla is atrophy and disappearance a short time after 
hatching. 

Interstitial elements of the medulla in the early stages of 
development consist of connective-tissue cells derived from 
the embryonic mesenchyme of the gonad, primitive wmndering 
cells, lymphocytes, and granulocytes, and isolated medullary 
cells derived from the medullary cords of the first prolifera- 
tion of sexual cords. In later stages of development and in 
the adult the connective-tissue cells give no indication of 
differentiation for secretory function. Granulocytes are 
often found late in developmental stages and in adults. No 
secretory function is ascribed to them. Large round isolated 
medullary cells are found throughout development and in 
the adult. 

The history of right gonads in which cortical rudiments 
are found and in -which follicles appear in the adult in gen- 
eral parallels that of the normal left ovary. At nine days’ 
incubation there is a medulla homologous to that of the left 
ovary composed of medullary cords formed by the first pro- 
liferation of sexual cords at six days’ incubation. The ger- 
minal epithelium, however, instead of being reduced to a 
single layer of flattened cells, has in such cases several layers 
of columnar epithelial cells, among which are numerous pri- 
mordial germ cells. While the amount of such epithelium 
is small and sporadic in occurrence over the surface of the 
gonad, it is identical in appearance with that of the left 
ovary. 

At eleven days’ incubation in gonads which possess those 
rudiments a second proliferation of sexual cords occurs giv- 
ing rise to cortex. In some of the embryos very large cortical 
cords composed of oogonia and epithelial cells are formed. 
This is contrary to the condition in the left ovary where 
strands of connective-tissue stroma separate the cells into 
smaller cords. The cortex in the right ovary is discontinuous, 
and it may occur at several spots widely separated on the 



ASYMMETRY OF THE OVARIES OF THE FOWL 


37 


surface of the ovary. The cortical cords are constricted from 
the germinal epithelium after twelve days’ incubation. The 
behavior of the cortical rudiments after hatching is for a 
time similar to that of the cortex of the left ovary. The 
oocytes enlarge, and at three days after hatching epithelial 
cells form follicular layers about them. In the later stages 
of development and in the adult hen large follicles resembling 
in every respect those of the left ovary may be occasionally 
found. Also cords or tubules of columnar follicular cells 
without oocytes are found. The nuclei of these cells are 
round or elongated and filled with large granules; the cyto- 
plasm is finely granular. There is some evidence that such 
cells may become isolated and interstitial in position. Such 
cells are not found in rudimentary right ovaries without 
cortical rudiments. 

The fate of the medulla associated with cortical rudiments 
on the right side is similar to that of rudiments on the right 
side in which medulla alone persists, and also the medulla 
of the left ovary. Remnants of the medullary cords persist 
as clusters of fat-laden cells in the medulla. Isolated epi- 
thelial cells from the medullary cords are also found. 

DISCUSSION 

The facts concluded from this investigation are a basis 
for the interpretation of a number of problems. The fact 
of the persistence of a rudiment of the right gonad was 
logically to be inferred from the exceptional cases in which 
right ovaries bearing follicles were found in adult birds. 
Chronological investigation of the right gonad gives support 
to the hypothesis that the type of gonad tissue, whether 
ovarian or testicular, which develops on the site of the right 
gonad following ovariectomy depends on the embryological 
composition of the rudiment (Lillie, ’27). Willier (’27) dis- 
cusses this possibility in connection with the problem of 
asymmetrical growth capacities in the right and left embry- 
onic ovaries. 



38 


MALCOLM D. BEODB 


The persistence of remnants of the medullary cords as 
the chief components of the right rudimentary ovary in the 
great majority of adult hens furnishes an emhryological basis 
for the testis-like hypertrophied body which occurs on the 
site of the right ovary following ovariotomy. The medullary 
cords of the ovary are homologous with the definitive sexual 
or seminiferous cords of the testis. When the inhibitory 
influence of the left ovary is removed under the experimental 
conditions of ovariotomy, it is to be expected that such medul- 
lary cords might come to resemble testicular elements. 
Benoit ( ’24, ’26 a) explains the occurrence of seminiferous 
tubules in the right testis-like gonads in his cases of ovario- 
tomized females by the assumption of transformation, of 
medullary cords. Where cortical rudiments as well as a 
medulla are found in the right ovary, ovotestis or ovary 
may be expected to develop (Finlay, ’25; Domm, ’27). 

Thus the various possible developments on the site of the 
right ovary, both under normal and experimental conditions, 
seem to he determined by the embryonic composition of the 
rudiment. However, the extent to which the development 
capacity of the rudiment is realized may be partially de- 
pendent on other factors. In the embryos of nine days’ 
incubation, 39 per cent of the right ovaries had cortical rudi- 
ments, while in the adult hens studied only 20 per cent have 
cortical rudiments. While the apparent reduction of cortical 
rudiments in later stages may be due to some differential 
factor in the collecting of the specimens, there i.s a ■f:)roh- 
ability that the left ovary may inhibit the development of the 
cortex of right ovaries just as it inhibits the medullary com- 
ponents of the right gonad. In any case the nature of what- 
ever kind of structure develops from the right rudiment will 
be influenced by the persistence or non-persistonee of pri- 
mordial germ cells. It is possible that, under the experi- 
mental conditions of ovariotomy, an environment favorable 
to persistence of primordial germ celln would be provided, 
so that in chicks ovariotomized at a time when primordial 
germ cells are relatively numerous in the medulla of the 
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right rudimentary ovary, that is, before the fourth week after 
hatching', primordial gei’rn cells might persist and undergo 
progressive development. Ovariotomy performed after the 
third week after hatching, when the primordial germ cells 
have undergone regression, would not be expected to yield 
such results. Whether or not persisting primordial germ 
cells undergo a differentiation into spermatozoa, the con- 
tinued existence of the rete, epoophoron and mesonephric 
duct affords a basis for a complete viable system of testis 
ducts. 
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PLATE 1 


EXPIjANATION of FlQtlEES 

1 Photograph of dissection of ton-day J embryo, B 124. Eight and loft 
ovaries- are shown on medial faces of mesonephroi, Eight ovary, 2 mm. long ; 
left ovary, 2.5 mm. long. Right and left, mulleriau ducts are e-nsp'cuous and both 
extend 7 mm. to the anterior extremities of the mesonephroi.. 

2 Photograph of disieetioii of tifteen-day embryo, E 471. The right testis 
shows a characteristic flexure similar to that of the right ovary of the same age. 
Lobes of the , metanephroi are visible lateral to the mesonephric duets. Medial 
to them are the ureters. The mulleriau duets have disappeared entirely. 

3 Photograph of dissection of fifteen-day $ embryo, E 140. Right ovary, 2 
mm. long; left ovary, 3.5 mm. long. The right ovary shows on its surface ex- 
ceptional cortical lobulations. The left millleiian duet extends from the cloaca 
to the anterior extremity of the left metanephros. Its proximal end is dilated. 
The right miillerian duet has become reduced to 6 mm. The left miillerian duct 
is 17 mm. long. The mesonephric duets and ureters are medial in position. 

4 Photograph of dissection of sixteen-day 2 embryo, B 224. Similar to fifteen- 
day 2 embryo, E 140. The right ovary shows no lobulations. 

5 Photograph of dissection of adult hen, eighteen months old, C601. An 
exceptional development of follicles is shown to the right of the dorsal mesentery 
and wholly separated from the left ovary. Eight ovary, 10 mm. long, 5 mm. 
wide; left ovary, 28 mm. long, 15 mm. wide. 

6 Photograph of dissection of adult hen, eighteen mouths old, G 650. t indi- 
cates the normal condition of the right rudimentary ovary, viz., a thin tissue 
lying on the postcaval vein ad,iacent to the remnant of the right mesonephros. 
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PLATE a 


EXPLANATION OP FIGURES 

7 , Drawing of a portion of the cortex and medulla of tlie left ovary of 
embryo B 302 of nine days’ incubation. Initial magnification, 1100 times. 
Shows normal condition of left germinal epithelium with included primordial 
germ cells {oog.). g.ep., germinal epithelium; p.t.a., primary tunica albuginea; 
cor.cd., cortical cord; m.e,, medullary cord cells. 

8 Drawing of portion of right ovary of embryo B 437 of nine days’ incubation. 
Initial magnification, 1500 times. Shows the usual flattened eoiulition of the 
germinal epithelium of the right ovary. The exceptional occurrence of two 
primordial germ cells among the flattened epithelial cells is sliown. g.cp., ger- 
minal epithelium; pr., primordial germ cell; pr. mi., primordial germ cell in 
mitosis; m.e., medullary cord cells. 

■ 9 Drawing of portion of the cortex and medulla of the right ovary of embryo 
E302 of nine days’ incubation, showing exceptional development of cortical 
rudiments. Initial magnification, 1100 times, g.ep., germinal epithelium; oog., 
oogonium; m.ed., medullary cord; pr.ni., primordial germ cell in mitosis; m.cd.A., 
distended medullary cord. 

10 Drawing of portion of the right ovary of ehielc 0 800, three days after 
hatching. Initial magnification, 1100 times. Shows cortical rudiments composed 
of follicles enclosing oocytes, g.ep., germinal epithelium; cnr.c4., cortical cord 
with oocyte; o., cord of oogonia derived from medullary primordial cells; ode., 
oocyte surrounded by follicular cells; fol.ocl, cord of follicular cells ilnrived 
from epithelial cells of the cortex; m.c.i, isolated medullary cord cell; m.ed.d., 
distended medullary cord; clu.steT of ‘fat-laden cells,’ ronniiint of medullary 

cord of first proliferation; pr.i., isolated primordial germ cell. 
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SEVEN EIGI^RES 


AUTHOR’S ABSTRACT 

Fetuses from forty-three gravid uteruses from sows of known breeding dates, as well as 
from 448 uteruses with unknown breeding dates, were studied. Growth curves are given 
for weight and length of fetus and for weight of fetal membranes. The weight of the fetus 
first reaches that of the fetal membranes between the sixtieth and seventieth days of preg- 
nancy. Degenerate fetuses were found in 3.68 per cent of the cases. They were found 
at all stages of gestation. Size of litter was found to decrease from 11.4 at the twentieth 
day to 6.8 at the 110th day. Also, the calculated per cent of ova lost up to each ton-day 
stage tends to increase as gestation advances. Crowding was found to be an important 
factor, but probably not the only factor, in causing degeneration. Genetic factors were 
probably responsible for part of the resorbing fetuses. 

In the study of the normal fetuses, significant correlations were found between fetus 
length and weight of fetal membranes, as well as between fetus weight and weight of 
fetal membranes. Lower correlations, but probably significant, were found between total 
distance (spacing) between fetuses in the uterus and weight of fetal membranes. Correla- 
tions between size of fetus and total distance between fetuses were very low. As in the 
case of the degenerates, crowding has an important relationship to size of fetus, but is 
probably not the only factor involved. 


A study of birth records of swine has shown that there is 
much variation in size of the offspring at birth. It seems 
to be generally assumed that variations, other than qualitative 
characters, such as color, are due more largely to the en- 
vironment in utero than to the genetic make-up of the differ- 
ent fetuses. An attempt is made to separate some of the 
in utero environmental factors which influence the develop- 
ment of the pig embryo from the genetic- factors. This 
resolves itself into a study of the positions and sizes of 
embryos and fetuses in the same uterus, comparison with 
the size of the fetal membranes, and comparison with the 
amount of space available. 


'Paper from the Departments of Genetics (no. 85) and Veterinary Science, 
Wisconsin Agricultural Experiment Station, in cooperation with the Animal 
Husbandry Division of the IT. S. Department of Agriculture. Published with the 
approval of the director of the Station and the chief of the Bureau of Animal 
Industry, U. S. Department of Agriculture. 
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MATERIAL STUDIED 

plant utenises and their contents were studied at pack- 
ages at Chicago, Illinois, Madison, Wisconsin, and 
ille, Maryland. Most of these nteruses were from sows 
niseellaneoiis herds with unknown breeding dates. To 
material to use as a guide to the ages of untimed 
s, fifty sows and gilts of the Poland-China, Duroc- 
p and Chester-White breeds were mated by the writer, 
lied at definite dates after breeding. Of these animals, 
were found to be pregnant. Eecords of three gravid 
;es from sows of known breeding dates killed at Belts- 
rere added. The fetuses from these forty-three gravid 
ses form the basis for the estimation of age of the 
uder. 
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STUDY OP FETUSES OP KNOWN AGES 

In order to estimate the ages of the fetuses obtained from 
imtimed packing-house material, it was necessary to study 
some of knorvii ages. No data of this nature have been pre- 
sented since the limited amount given in Keibel’s Normen- 
tafeln in 1897. The tables given by Stockli (’22) and in 
Strangeways’ Veterinary Anatomy (’92) go back principally 
to Gurlt, whose publications appeared in the early part of 
the last century, and, so far as the writer can determine, 
are not available in this country. Types, as well as methods 
of feeding swine, have changed so greatly since then that it 
seemed essential to obtain some data from present-day swine. 
Furthermore, the above-mentioned tables are not definite 
enough to be of the most use. 

Through the courtesy of the Animal Husliandry Depart- 
ment, fifty-three head of sows and gilts were placed at the 
WTiter’s disposal. These were kept at the Serum Plant and 
were self-fed corn and tankage. Conditions did not permit 
hand feeding, yet it seems logical to believe that these data 
are comparable to those obtained from the untimed material 
obtained at packing-houses. The writer made daily observa- 
tions and mated the animals as often as estrum was observed. 
He also kept all breeding, slaughtering, and other records. 
Several of the gilts were never observed in heat and were 
finally sold open. Some of the others proved to be non- 
pregnant, one contracted pneumonia and died, and forty were 
pregnant when slaughtered. In addition to tlie aliove, four 
gilts were bred at the Beltsville farm of the U. S. Department 
of Agriculture and examined by Dr. II. C. McPhee at the 
time of slaughter. Three of these were iiregnant, and he 
kindly forwarded copies of tlie records. An attempt was 
made to divide the slaughtering dates so that the time after 
breeding of each female would be at ten-day intervals. The 
earliest was twenty days after breeding. It was impossible 
to have the sows at Beltsville killed at exactlj^ twenty or 
thirty days after breeding. Of the remainder, it was neces- 
sary for various reasons to vary the time one to two days 
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each in three cases. The other thirty-seven head are on 
exactly ten-day intervals. 

Through the courtesy of Oscar Mayer & Co., it was possible 
to obtain the nteruses as soon as the carcasses were opened. 
All measurements, weights, and other records of the uteruses 
and their contents were taken as soon as possible on the 
killing floor. 

The following procedure was followed in obtaining the data. 
The uterus was placed in a measuring box, and each ovary 



Pig. 1 Gravid uterus of gilt. The left ovary had Iiecn removed before 
breeding and adhesions formed which held the left end of the uterus in a 
twisted shape. In all other respects this photograph is typical of gravid 
uteruses as obtained for study on the killing-floor. 

removed, weighed, and the corpora Intea counted. Each 
broad ligament was then cut away from its attachment to the 
corresponding horn of the uterus, and the uterus and contents 
weighed (figs. 1, 2, and 3). Then the uterus was returned 
to the measuring box, and the length of each horn measured 
in centimeters. Each horn was split longitudinally, by means 
of an enterotome, on a line opposite the line of attachment 
of the broad ligament. The location of each embryo or fetus, 
its sex when determinable, . and whether it was normal or 
degenerated were noted. The distance betwoou fwn 
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fetuses and between each end of the horn and the nearest 
■ fetus was next obtained in millimeters. The points used 
were the placental attachments of the umbilical cords. The 
length of each fetus was taken from crown to rump by means 
of calipers. After measurement, the umbilical cord was cut 
from the body of the fetus, and the fetus was weighed in 
grams. After each fetus was removed, its fetal membranes 
were carefully stripped from the uterine wall, and, after 
drainage of the excess of moisture, w^ere weighed in grams. 
After all of the contents of the uterus were removed, the 
empty uterus was weighed. Figure 2 shows the measuring 
box and an unopened uterus, with ovaries and broad liga- 
ments removed. 



2 Gravid uterus of gilt, after removal of the ovaries and the broad 
ligament. This shows the measurmg box used in this study. 


The data on number and sex of fetuses® of different ages 
together with the weights and measurements and weights of 
fetal membranes are presented in table 1. 

The relation of length of fetus to age is shown graphically 
in figure 4, and of weight to age, in figure 5. The weights 
of the fetal membranes at known ages show a decrease toward 
the end of the gestation period (fig. 5), but this may be due 
to flnctnation of the sampling, for when larger numbers are 
used, from fetuses of estimated ages, the apparent dip in 
the curve almost disappears, as is also shown in figure 5. 

’ While it is usual to refer to the fetus iu its earlier stages as au embryo, 
in tliis paper, for convenience, the term .fetus is used throughout the develop- 
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The weight of fetus first equals that of the fetal membranes 
between the sixtieth and the seventieth day after breeding, 
as is also indicated in figure 5. 

It is not the purpose of this paper to discuss the question 
of increment of growth or growth cycles during intra-uterine 
life of the fetus. The primary object of the inclusion of the 
data from timed material is to furnish a basis for estimating 
the age of the material of unknown age. Special attention is 



Pig. 4 Curve showing relationship of length of fetus to age. 


called to the wide variation in size of the apparently normal 
fetuses in the same uterus, and different nteruses of the same 
stage of pregnancy. The sizes in the different age groups of 
the latter half of the gestation period overlap to a large 
extent, but those of the younger ages do not. For this reason, 
it seems reasonable to believe that, in estimating the age of 
nntimed fetuses, the average of the normal individuals of 
the litter should be used rather than actual measurements of 
any one individual. Length is commonly employed to desig- 
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nate the size of pig fetuses, so is used in our estimates of 
age. The writer realizes that, even by using these averages 
from timed material to estimate the age, some of the known- 
age fetuses themselves would be estimated somewhat older 
or somewhat younger than they actually are, but it appears 
to be the best ‘yard-stick’ we have. 



Fig. 5 Curves showing relationship of weight of fetus to age, and of weight 
®f fetal membranes to age. 


OCCUKEENOE OF DEGBNBBATE EMBRYOS AND FETUSES , 
Among 3967 fetuses examined in apparently healthy 
nteruses, 146, or 3.68 per cent, were found to be in various 
stages of degeneration. The distribution according to age 
is seen in table 2. These figures show a somewhat lower 
percentage of degenerates than was found by Hammond (’21) 
and by Corner (’23) in swine. 

Table 2 demonstrates that the largest per cent occurred 
during the earliest stage examined, but almost as large per 
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nate the size of pig fetuses, so is used in our estimates of 
age. The writer realizes that, even by using these averages 
from timed material to estimate the age, some of the known- 
age fetuses themselves would he estimated somewhat older 
or somewhat younger than they actually are, but it appears 
to be the best ^yard-stick’ we have. 



Age in days after breeding of the dam. 

’ Average weights fetuses 

Average weights fetal membranes (all flats, Inojuding estimated ages) 

Average weights fetal raembronos ( known ages) 

Pig. 5 Curves showing relationship of weight of fetus to age, and of weight 
@f fetal membranes to age. 

OCCUREENCE OP DEGENERATE EMBRYOS AND FETUSES , 

Among 3967 fetuses examined in apparently healthy 
uteruses, 146, or 3.68 per cent, were found to be in various 
stages of degeneration. The distribution according to age 
is seen in table 2. These figures show a somewhat lower 
percentage of degenerates than was found hy Hammond ( ’21) 
and by Corner (’23) in swine. 

Table 2 demonstrates that the largest per cent occurred 
during the earliest stage examined, hut almost as large per 
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cents occurred at other stages, particularly the last two. 
The appearance of the degenerate fetuses showed that many 
of them were in a process of resorption. Undoubtedly, most 
of those occurring in the earliest stages had completely dis- 
appeared by the time the later stages were reached. Oc- 
casionally, degenerate fetuses remain until the sow farrows 
and are expelled during normal parturition. A study of the 
number of fetuses present at each stage of pregnancy gives 
results as shown in table 3. From this it may be seen that 

TABLE 2 

Appearance of all fetuses in hoth right and left horns 


ESTIMATED AGE 

TOTAL FETUSES 

NORMAL 

DEGENERATE 

DEGENERATE 

Days 

Number 

Number 

Number 

Fer cent 

20 

148 

137 

11 

7.43 

30 

270 

259 

11 

4.25 

40 

283 

269 

14 

4.95 

50 

528 

513 

15 

2.84 

60 

690 

679 

11 

1.59 ■ 

70 

658 

638 

20 

3.04 

80 

466 

441 

25 

5.36 

90 

347 

341 

6 

1.73 

100 

194 

181 

13 

6.70 

110 

383 

363 

20 

5.22 

Totals and average 

3967 

3821 

146 

3.68 


the number of fetuses decreased from an average of 11.4 at 
the twenty-day stage to 6.8 at the 110-day stage. However, 
the number of corpora lutea was also decreased as pregnancy 
advanced, although to a much smaller extent. Whether this 
was an actual decrease or due to some error in determining 
the number is not known. It is possible that some corpora 
lutea of estrum persisted and were included in the counts of 
the earlier stages. No histologic study was made to determine 
this point. It may be assumed that the difference between the 
average number of corpora lutea at each stage and the number 
of fetuses present represents ova that have been lost by not 
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being fertilized or by death and resorption later. Table 3 
also shows the per cent lost at each stage. This is also shown 
in figure 6. The fitted line denotes a distinct upward trend 
in the per cent of ova lost at each stage as gestation advances. 

Four and twenty-three hundredths per cent of the fetuses 
located in the right horns and 3.13 per cent of those in the left 
horns were degenerated (fig. 4). There is no significant dif- 
ference in the total number of fetuses in the right and left 
horns. Of the 146 degenerates observed, 57.53 per cent were 
in right and 42.46 per cent in left horns. If it is assumed 


TABLE 3 

Estimated loss of ova at each stage of gestation, as shown l)y com-parison of 
corpora lutea with fcUises 


estimated 

AGE 

NUMBER OR 

NUMBER OP 
CORPORA LUTEA 

NUMBER OP PETUSES 

OVA UNACCOUNTED POR 

XJTERTJSES 

Total 

Average 

Total 

Average 

Average 

Per cent 

Days 

20 

13 

183 

14.3 

148 

11.4- 

2,9 

20.28 

30 

30 

361 

12.0 

270 

9.0 

3.0 

25.00 

40 

31 

340 

11.0- 

269 

8.7- 

2 3 

20.09 

50 

,55 

628 

11.4 

500 

9.1- 

2,3 

20.17 

60 

81 

889 

11.0- 

680 

8.0 

3.0 

27.27 

70 

78 

902 

11.5 

629 

8.0 

3.5 

30.43 

80 

60 

605 

10.1- 

454 

7.5 

2,6 

25.74 

90 

46 

439 

9.5 

347 

7.8- 

1.7 

17.89 

100 

27 

256 

9.5- 

193 

7.1 

2.4 

25.26 

110 

54 

513 

9.5 

371 

6.8 

2,7 

28.42 


that they are as likely to occur in one horn as the other, the 
probable error of the deviation from expectation is ± 4.07. 
The deviation from the expected 50 per cent in each horn 
is 7.53. This is only 1.8 times the probable error. This 
indicates that the difference is probably not significant. The 
numbers of fetuses in the right and left horns tend to become 
equal even when there are unequal numbers of corpora lutea 
in the two ovaries. Experimental proof of this has been 
presented in a recent paper by the author (’26). In this ex- 
periment sows were semispayed, bred, and then slaughtered 
during pregnancy. Even though all the eggs came from one 
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ovary, the immbers of fetuses became equalized in the two 
horns. 

Degenerate fetuses have been found in all possible numeri- 
cal positions from the bifurcation. The tabulation in table 5 
shows that in each of the first five positions from the bifurca- 
tion the percentage of occurrence is about the same, but 
rapidly increases in the positions farther removed. 

Each horn was then taken as a unit and classified as to the 
number of fetuses present. The per cent of horns containing 
degenerate fetuses was determined in each group. It was 
found that 8.66 per cent of all -the horns contained one or 



Pig. (3 Per cents of ova missing at each estimated age, with the fitted line. 


more degenerate fetuses. Table 6 gives the per cents accord- 
ing to the number of fetuses present. 

This indicates that there is a decided tendency for the 
degenerates to occur more frequently when there are larger 
numbers in the same horn, yet they occur even when only 
one fetus is present and there can be no crowding. 

The average space per fetus was determined for each horn 
of each uterus whose fetuses were estimated to be ninety-five 
days of age or older. Each horn rvas then classified and all 
tiie horns were grouped in a frequency table. The number 
of horns containing one or more degenerate fetuses was next 
detei-mined for each group of the frequency table. The results 
are aiven in table 7. 




76 


B. L. WARWICK 


TABLE 4 


Occurretice of degen&rates m right mid left horns of the uterus 


ESl'lMATED 


RIGHT HORN 

1 

LEB’T HORN 


AGJi 

Total 

Normal 

Degenerate 

Total 

Normal 

Degenerate 

Bays 

20 

74 

69 

5 

74 

68 

6 

30 

136 

131 

5 : 

134 

128 

6 

40 

149 

140 ' 

9 

134 

129 

5 

50 

260 

251 

9 

268 

262 

6 

60 

351 

342 

9 

339 

337 

2 

70 

325 

315 

10 

333 

323 

10 

80 

241 

227 

14 

225 

214 

11 

90 

166 

162 

•4 

181 

179 

2 

lOO 

96 

88 

8 

98 

93 

5 

110 

190 

179 

11 

193 

184 

9 

Totals 

1988 

1904 

84 

1979 

1917 

62 

Per cent 


1 

i 4.23 

; ! 



3.13 


TABLE 5 

POSITIONAL OCCURRENCE OF DEGENERATE FETUSES 

ESTIMATED AGES IN DAYS \ ] — I — 


POSITION 

10 

30 

40 

50 

60 

70 

30 

90 


110 

‘'I 

ID 

lO 

3 

K 

ID 

li- 

o 

1- 

UJ 

5E 

K 

2 

LU 

e> 

ID 

O 

D 

S 

g 

ID 

WiD 
o 2 

DC ID 
UJ<J 
CLUJ 
Q 

< 

h- 

O 


_l 

< 

P 

o 

h 

I 

If 

I 

c 

A 

o 

1- 

UJ 

& 

a: 

bJ 

z 

ID 

u 

Q 

-i 

< 

H 

o 

1- 

DEGENERATE 

-J 

< 

H 
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1- 


_J 

<t 

H 

o 

1- 

ID 

oi 

U4 

Z 

ID 

O 

lU 

Q 

< 

w- 

o 

H 

ID 

DC 

lU 

2 

U-l 

O 

ID 

Q 

_j 

< 

H 

O 

H 

UJ 

H 

< 

DC 

UJ 

Z 

lU 

O 

lU 

o 

< 

H 

O 

w- 

ID 

DC 

U4 

z 

ID 

o 

UJ 

o 

< 

h- 

O 

1- 

1 

UJ 

V- 

s 

ID 

Z 

Ul 

ct 

ID 

Q 



y 

59 

3 

64 

3 

115 

4 

167 

4 

163 

3 

123 

6 

91 

2 

53 

3 

in 

5 

972 

34 

3.5 



Q 

57 

3 

64 

4 

112 


163 

Q 

157 

3 

1 19 

6 

89 

0 

49 

2 

106 

5 

942 

29 

3. 1 

3R,L 

26 

y 

52 

1 

59 

4 

109 


146 

y 

136 

Z 

105 

5 

79 

0 

43 

3 

83 

5 

838 

26 

3. 1 

4R,L 

23 

y 

42 

1 

47 

3 

67 


104 

y 

95 

1 

65 

S 

54 

Q 

32 

Z 

57 

4 

606 

20 

3.3 

5R,L 

19 

y 

iQ 

0 

26 

Q 

64 


59 

y 

60 

1 

35 

2 

2Z 

2 

14 

2 

19 

1 

348 

12 

3.5 

6R,L 

14 

2 

13 

1 

16 

0 

27 


28 

y 

25 

2 

1 1 

0 

6 

B 

3 

1 

6 

0 

151 

7 

4.6 

7R,L 

10 

2 

8 

1 

7 

0 

6 

0 

13 

0 

10 

J 

3 

1 

2 


m 

0 

1 

n 

60 

4 

6.7 

BR,L 

2 

0 

4 

0 

0 

0 

5 

0 

5 

0 

3 

1 

3 

1 

2 

0 

0 

0 

0 

0 

24 

2 

8.3 

ea.L 

2 

0 

3 

0 

0 

0 

3 

0 

3 

0 

3 

3 

1 

0 

0 

0 

0 

0 

0 

0 

15 

3 

20.0 

lOR.L 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

3 

1 

t 

1 

0 

0 

0 

0 

0 

0 

6 

2 

33.3 

im.L 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

■0 

0 

0 

0 

2 

1 

50.0 

12R,L 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

I 

100.0 

13R.L 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 


0 

0 

_j 

0 

0 

0 


1 

1 

lOO.O 


j ■ •— J 1 1 1 1 1 — I 1 i 

Number stands ^or position pom blprcotLon •, T, right horn ; Worn 
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TABLE 6 

Distribution of degenerate fetuses in the horns according to the number of fetuses 


NUMBER OF FETUSES 
IN HORN 

TOTAL NUMBER 

OF HORNS 

NUMBER OF HORNS 
WITH DEGENERATE 
FETUSES 

PER CENTS OF 
HORNS WITH 
DEGENERATE FETUSES 

1 

29 

1 

3.4 

2 

104 

5 

4.8 

O 

232 

13 

5.6 

4 

257 

15 

5.8 

5 

198 

18 

9.1 

6 

89 

18 

22.2 

7 

36 

6 

16.6 

8 , 

9 

2 

22.2 

9 

9 

0 

0.0 

10 

3 

3 

100.0 

11 

2 

2 

100.0 

12 

0 

0 

0.0 

13 

1 

1 

100.0 


TABLE 7 


Per cents of horns which contain degenerate fetuses when classified according to 
average space. Estimated age of all fetuses in this table ninety-five 
days and older 


average SPACE 

I’ER FETUS 

1 

TOTAL HORNS 

HORNS CONTAINING 
DEGENERATES 

PER CENTS OF 
HORNS CONTAINING 
DEGENERATES 

cm. 

Number 

Number 


15- 19 

1 

1 

100.00 

20- 24 

6 

4 

66.66 

25- 29 

11 

3 

27.2 

30- 34 

29 

5 

17.2 

35- 39 

26 

1 

3.8 

40- 44 

25 

1 

4.0 

45- 49 

16 

0 

0 

50- 54 

12 

0 

0 

55- 59 

7 

0 

0 

60- 64 

9 

0 

0 

65- 69 

5 

1 0 

0 

70- 74 

5 

1 ® 

0 

75- 79 

2 

i 0 

0 

80- 84 

1 

1 0 

0 

85- 89 

1 

1 ® 

0 

90- 94 

1 

1 ^ 

0 

135-139 

1 

0 

0 
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This demonstrates that when the average amount of space 
is extremely small, a very large percentage of the horns 
contain degenerate fetuses. No horns in this age group had 
degenerate fetuses when the average space per fetus was 
over 45 cm. These results are probably most largely de- 
pendent on the number of fetuses present, which has been 
discussed above. 

VAEIATION IN SIZE OF NOEMAL FETUSES 

The variation in size is not limited to a comparison of 
normal and degenerate embryos and fetuses. As noted above, 
the sizes of the normal fetuses of the ages beyond the middle 
of the gestation period show such extreme variation that the 
frequency distributions of the different age groups overlap. 
A study of the different correlations should throw some light 
on the probable causes. 

The fetus derives its nourishment from the mother by 
means of the fetal membranes. Does the size of the fetal 
membranes directly influence the size of the fetus f The 
only satisfactory measure of the fetal membranes of the pig 
is weight. Length of fetus was correlated with weight of fetal 
membranes in each estimated age group, using only the nor- 
mal individuals. The lowest coefficient of correlation was 
.3178 ± .0240 in the 65- to 75-day group, and the highest was 
.6478 ±; .0266 in the 25- to 35-day group. Similar correlations, 
using weight of fetus instead of length, give higher coefficients. 
The lowest is .3770 + .0317 at 75 to 85 days, and the highest 
is .5914 ± .0195 at 45 to 55 days. These show that there is a 
direct relationship of fetus size to size of the fetal mem- 
branes. 

If the fetuses and their membranes are crowded closely 
together, it seems that the development would be retarded, as 
Ibsen ( ’23 a, ’23 b) has reported in guinea-pigs. The amount 
of space on each side of the fetus was added together and 
called total distance. This is, obviously, more than the aver- 
age space, but should be of value from a comparative stand- 
point. The weight of the fetal membranes was correlated 
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with total distance in each of the estimated age groups except 
the youngest. The lowest coefficient was .2379 ±: .0351 in the 
85- to 95-day group, and the highest was .4880 it .0382 in the 
95- to 105-day group. This shows that the amount of crowd- 
ing influences the size of the placenta to some extent. How- 
ever, the coefficients of correlation are not much above the 
border-line of signiflcance. No high correlations have been 
found in this material such as those reported by Ibsen in 
guinea-pigs. 

Correlation of length of fetus with total distance and of 
weight of fetus with total distance did not give any markedly 
significant correlations. The small amount of correlation 
must come indirectly from the effect on the fetal membranes. 
All of the coefficients of correlation are shown in table 8 and 
plotted against age in figure 7. Owing to the relatively small 
number of fetuses of any knovm age, it was not possible to 
determine the relation of w^eight to number of fetuses. 

The records of the fetuses of the three oldest groups, ninety 
days and over, were classified according to numerical posi- 
tion from the bifurcation, and their weights were averaged. 
Obviously, it would be misleading to combine different age 
groups to get averages unless the total number of fetuses were 
the same in each age group. Any influence due to numerical 
position would manifest itself toward the end of pregnancy. 
For this reason the above-mentioned age groups were selected. 
The average weights for each position are given in table 9 
for the three age groups. This shows that there is no constant 
ranking, and so numerical position of itself does not deter- 
mine the size. 
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Fig. 7 Curves showing the coefficients of correlation at different stages of 
gestation, with the fitted straight line for each curve. The coefficients of correla- 
tion marked 1 to 7, inclusive, should each be preceded by a decimal point. 
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TABLE 8 


COEFFICIENTS OF CORRELATION ON PRENATAL GROWTH 

E5T. 

AGE 

DAYS 


LENGTH- 

FETAL 

membrane 

LENGTH- 

TOTAL 

DISTANCE 

WEIGHT- 

FETAL 

MEMBRANE 

WEIGHT- 

TOTAL 

DISTANCE 

FETAL MEM- 

BRANE-TOTAL 

DISTANCE 

30 

.6352 i 0127 

.6478^.0266 

.07461.0418 

.5406 1.0321 

.0709 1,0419 

.2767 1.0423 

40 


.34461.0371 

.03701.0416 

.40931.0350 

.1012 1.0416 

.4879 1.0321 

50 


.5527 1. 020b 

.0552 1. 0299 

,59141.0195 

.1029 t.029b 

.2300 ±.0203 

60 


.4019 t.02l7 

.19241.0249 

,43951.0209 

.1934 ±.0293 

.24661,0243 

70 


.3178 ±.0240 

.06461.0266 

.4146 ±.3206 

.09051.0265 

.33181.0380 

80 

.7600 + .0141 

.5326 ±.2231 

.3010 1.2919 

.37701.03/7 

.1856 1.0310 

.37971.0275 

90 

.7504t.0l23 

.3390 ±.0330 

.0659 ±.0370 

.4300 ±,0301 

.0425 ±.0300 

.23791.0351 

100 

.5501 ±.0139 

.3942 ±,0423 

.1554 ±.0489 

.42 721.0410 

,1476 1.0490 

.4680 1.0302 

no 

.83I9±.I095 

.4365 ±.0287 

.2330 ±,0337 

,4600 i.0273 

.1330 ±.0550 

.3693 1,0308 


TABLE 9 


Average fetus weights acGorciing to mmerical position from bifurcation 


NUMEIlIO.^;J 

i’o.si'rioN 

90-day fetuses 

100-DAY FETUSES 

110-DAY FETUSES 

Average 

weights 

Rank 

Average 

weights 

Rank 

A verage 
weights 

* Rank 


Grams 


Grams 


Grams 


1 

449 

6 

566 

2 

734 

6 

3 

425 

8 

533 

6 

735 

5 

3 ! 

446 

7 

598 

1 

713 

7 

4 

453 

5 

546 

4 

750 

(3 + 4) 

5 

456 

4 

563 

3 

750 

(3 + 4) 

6 

491 

3 

543 

5 

906 

1 

7 

516 

2 



781 

2 

8 

562 

1 


... 


... 
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Pig. 7 Cui'ves sliowing the eoefS.eieiits of correlation at different stages of 
gestation, with the fitted straight line for each curve. The coefficients of correla- 
tion marked 1 to 7, inclusive, should each be preceded by a decimal point. 
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TABLE 8 



E5T. 

AGE 

DAYS 


LENGTH- 

FETAL 

MEMBRANE 

LENGTH- 

TOTAL 

DISTANCE 

WEIGHT- 

FETAL 

MEMBRANE 

WEIGHT- 

TOTAL 

DISTANCE 

FETAL MEM- 
BRANE-TOTAL 
DISTANCE 


.6352 ± 0127 

.6476^.0266 


.5486 1.0321 

.0709 1.0419 

.2787 ±.0423 

40 


.34461.0371 

.0370 ±.0416 


.1012 t.0416 

.4879 ±.0321 

50 



.05321.0299 


.1029 1.0296 

.2380 ±.0283 

60 


.4019 1.0217 

.19241.0249 

.4395 ±.0209 

.19341.0293 

.2466 ±.0243 



.3176 ±.0240 

.06461.0266 

.4146 1.32 B6 

.0905 ±.0265 

.33181.0360 


.760fli.0l41 

.5526 ±.2231 

.3018 ±.2919 

.37701.03/7 

.1856 ±.0310 

.3r97±.0275 

90 

.7504i.OI23 

.3390 ±.0330 

.08591.0370 

.4360 ±.0301 

.O425±.O30O 

.2379±.0351 


.650/ i.OI39 

.3942 ±.0423 

.1554 ±.0489 

.4272 ±.0410 

.1478 ±.0490 

.4680 ±.0382 

no 

.83I9±.I093 

.4365 ±.0267 

.2330 1.0337 

.4806 ±.0273 

,1338 ±.0550 

.3693 ±,0308 


TABLE 9 


Average fetus weights according to numerical position from bifurcation 


NUMliUICAL 

1’OSITION 

90-t)AY PETU.SES 

100-DAY FETUSES 

110-DAY’ FETUSES 

Average 

weiglits 

Rank 

Average 

weights 

Rank 

Average 

weiglits 

Rank 


Grama 


Grams 


Grams 


1 

449 

6 

566 

2 

734 

6 

3 

425 

8 

533 

6 

735 

5 

3 

446 

! 7 

i 598 

1 

713 

7 

4 

453 

5 

546 

4 

750 

(3+4) 

5 

456 

4 

563 

3 

750 

(3+4) 

6 

491 

3 

543 

5 

906 

1 

7 

516 

2 



781 

2 

8 

562 

1 




... 
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SUMMARY AND DISCUSSION 

Fetuses from forty-three gravid uteruses of known breed- 
ing dates were studied. The growth curves show that length 
increases at a fairly uniform rate throughout the gestation 
period, while weight increases much more rapidly during the 
last twenty days than earlier. The weight of the fetus first 
reaches that of the fetal membranes between the sixtieth and 
seventieth days of the gestation period. There is much varia- 
tion in the sizes of the fetuses of the same age, especially 
during the last half of pregnancy. For this reason it seems 
logical in any study in which mitimed pig fetuses are used, 
to estimate the age by use of the average of all of the normal 
individuals of the litter rather than by the measurement of 
any particular individual. 

In addition to the timed material, the fetuses from 448 
uteruses with unknown breeding dates were also studied. 
These uteruses contained 3967 fetuses, of which 146, or 3.68 
per cent, were found to be in various stages of degeneration. 
These were found in each age group, with the largest per 
cent in the youngest group. However, there was no regularity 
from the youngest to the oldest. Due to the process of 
resorption, probably all the fetuses which became degenerate 
at early ages would become resorbed before the end of the 
gestation period. This is shown by the fact that litter size 
decreases from 11.4 at the twenty-day stage to 6.8 at the 110- 
day stage. Also the calculated per cent of ova lost up to 
each age tends to increase as gestation advances. The de- 
generate fetuses in the older material were probably of recent 
occurrence in most cases. However, there was so much varia- 
tion in the degree of resorption that it was impossible to 
estimate the length of time which had elapsed since the death 
of the fetus. It seems logical to believe that the death of 
the fetus is as likely to occur at one age as another. 

Fetuses in the first five numerical positions from the bi- 
furcation included about the same per cent of degenerates in 
each. The other positions had much higher percentages of 
degenerates. This is probably due in part to the large number 
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of fetuses present, wliicli in turn reduced tlie amount of space 
available for each fetus. It was found that both a large 
number of fetuses per horn and small average space was ac- 
companied by a marked increase in number of horns con- 
taining degenerates. This would imply that crowding was 
the cause of degeneration of the fetus. Crowding is without 
doubt an important factor involved, particularly during the 
latter half of the gestation period. It is probably, however, 
not the only factor involved. A degenerate fetus was found 
in one case where it was the only fetus present in one of the 
horns of the uterus. There was no crowding in this case. 
Other degenerates were found which showed no sign of 
crowding. Degenerates were most numerous during the 
earliest stages studied, even when the fetal membranes had 
not extended over the full area between two adjacent fetuses. 
Furthermore, when a fetus dies and resorption begins, the 
fetal membranes of the normal fetuses next to it tend to 
occupy its space. This would give the appearance of crowd- 
ing, even though crowding had nothing to do with the death 
of the fetus. Inherent genetic differences in the germ plasm 
of the fetuses themselves probably are responsible for part 
of these resorbing fetuses, as suggested by Corner (’23). 
It is even possible that all of the degenerates wmre the result 
of genetic factors. The fact that as many as nine normal 
fetuses have been observed in a single horn with no degener- 
ates would tend to support this hypothesis that degeneration 
is dependent primarily on genetic factors rather than over- 
crowding. It may be that fetuses which are inferior genetic- 
ally are particularly susceptible to the effect of crowding. 

In the study of the normal fetuses, significant correlations 
were found between fetus length and weight of fetal mem- 
branes. Comparable correlations -were found between fetus 
weight and weight of fetal membranes. This shows that 
there is a direct relationship between the growth of the 
placenta and of the fetus. This is only natural, and it is sur- 
prising that the correlations are not even higher. 
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Lower correlations, but probably significant, were found 
between total distance between fetuses and weight of fetal 
membranes. This shows that crowding has some etfect in 
retarding the development of the fetal membranes. This 
being the case, since, as has been shown, size of fetus is cor- 
related with fetal membranes, the size of the fetus should 
also show positive correlations with total distance between 
fetuses. The correlations were positive, hut very low. As 
in the case of the degenerates, crowding has some effect on the 
size of the normals. Besides this the low coefficient of cor- 
relation shows that there must be other factors operating to 
increase the variability. These are probably genetic. It 
seems logical to infer that some of the fetuses carrying poor 
combinations of factors escaped death during the early part 
of pregnancy, but lacked the ability to develop into large 
vigorous pigs. 
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ADDENDUM 

Since this manuscript has gone to press, Ibsen has published his complete data 
on “Prenatal growth in guinea-pigs,” which demonstrate the effect of crowding 
on fetus size in that species. ■ ® 

Ibsen, H. L. ^ 1928 Prenatal growth in guinea-pigs, with special reference to 
environmental factors affecting weight at birth. Jour. Exp Zool 
vol. 51, pp. 51-91. ■’ 
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SIX CHARTS 


AUTHOR’S ABSTRACT 

Virulent hay-infusion cultures of Bacillus pyocyaneus are toxic to pure-line races of 
three species of paramecia, but these races may acquire a tolerance for this toxic agent. 
Races with acquired tolerance have been grown for long periods of time in toxic, pure 
cultures of B. pyocyaneus by means of the daily -isolation culture method, and here the 
average division rate is as high as, or higher than, in the chance-mixed bacterial cultures 
in which these protozoa are usually maintained in the laboratory. The tolerance is lost, 
however, when the paramecia are removed from the toxic cultures and grown for a number 
of generations in cultnres of non-toxic bacteria. 

The toxic agent that is lethal to paramecia is probably the soluble toxin of B. pyocya- 
neus. The investigation shows that the agent is soluble and either thermolabile or volatile. 
It also shows that all deleterious substances, other than the soluble toxin, known to be 
produced in cultures of this bacillus, are non-lethal to paramecia. 

Hay-infusion cultures of Bacillus enteritidis were lethal • to paramecia. All attempts 
to develop tolerance in paramecia for the toxic agent in these cultures failed. 

Under the experimental conditions that prevailed, diphtheria toxin was found to have 
no appreciable effect upon the division rate or death rate in three species of paramecia. 


INTBODUCTION 

111 this initial investigation of the effect of pathogenic bac- 
teria and bacterial products upon protozoa the first problem 
at hand was that of selecting materials with which to •work. 
Paramecium was chosen because of the ease with which it 
may he grown under laboratory conditions. Moreover, it 
can he grown in pure cultnres of bacteria, as has been shown 
by Hargitt and Fray ( 17) and Phillips ,( ’22). Bacillus pyo- 
c^mneiis and Bacillus enteritidis were selected because they 
are pathogenic and are able to grow luxuriantly in the hay- 
infusion media that are commonly used for paramecia. It 
was also the desire to select some standardized toxin whose 
effect upon paramecia could he studied. A number of toxins 

^Submitted in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy in the Graduate Scliool of the University of Missouri. 
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are available for such a study, including those of bacterial 
origin as well as those produced by higher plants and animals. 
In the present investigation, however, only one standard 
toxin, that of the diphtheria bacillus, has been used. 

The investigation has been exploratory in its nature. In 
the main it was the intention to study the etfect of these 
pathogenic bacteria and bacterial products upon paramecia 
and to determine the extent to which races of paramecia are 
able to adapt themselves to the deleterious effects of these 
agents. It was also hoped that the study might eventually 
yield data of significance in connection with certain funda- 
mental questions in pathology and immunology. It was felt 
that the study might incidentally offer an opportunity to 
extend the technique of Hargitt and Fray (’17) and of Phil- 
lips (’22) in methods of growing paramecia in pure cultures 
of bacteria. There was also the opportunity to continue the 
search, initiated by these investigators, for a species of bac- 
teria in pure cultures of which paramecia may be grown 
successfully. 

The present investigation has been in progress since the 
spring of 1924. Most of the work has been carried on at the 
Marine Biological Laboratory, Woods Hole, Massachusetts, 
and at the Zoological Laboratory of the University of Mis- 
souri. The study has been made possible largely through 
the encouragement and help of Prof. W. C. Curtis, of the 
University of Missouri, and through the facilities of his 
laboratory. To Prof. L. L. Woodruff, of Yale University, 
thanks are also due for his interest during the summer of 
1925. For assistance and for materials and apparatus thanks 
are due Dr, Mazyck P. Ravenel, of the Department of Medical 
Bacteriology, and to Prof. W. J. Robbins, of the Department 
of Botany, both of the University of Missouri. 

MATEEIALS AND METHODS 

Materials 

Bacillus pyocyaneus Gessard (Pseudomonas aeriginosa 
Schroter Migula) and Bacillus enteritidis Gaertner /'Salmnn- 
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ella enteritidis Gaertner) were selected as the pathogenic bac- 
teria to he used in this investigation, hut only the former 
proved to he favorable. To make the work more compre- 
hensive, experiments were conducted with three species of 
paramecia, Paramecium aurelia and P. calkinsi, from 
Prof. L. L. Woodrutf ’s pedigreed stocks maintained at Yale 
University, and P. caudatum from wild strains. In each 
experiment the controls and experimental animals were ob- 
tained from a single pure line established for the purpose. 

Diphtheria toxin was selected as a soluble toxin to be used 
in the study, because of its availability and standardization. 
Time has not permitted the extension of the study to other 
standard toxins. 

Further explanations of the materials used appear in con- 
nection with the accounts of particular experiments. 

Culture media 

The standard hay infusions used in this study were made 
by adding 10 'grams of chopped timothy hay to a liter of water 
and boiling for five minutes. This is referred to throughout 
this report as ‘0.2 per cent standard hay infusion.’ Ordinary 
distilled water was used in some experiments. In others 
tap-water was used- The kind of wmter used is specified for 
each experiment. Enough hay infusion was made each time 
to last throughout the experiment and this was placed in 
100-cc. Erlenmeyer flasks, that were then plugged with cotton 
and sterilized in an Arnold sterilizer by the intermittent 
method. The pH of each infusion was obtained after sterili- 
zation and recorded for each experiment. 

Method of washing the paramecia bacteria-free 

To grow paramecia in pure cultures of bacteria it is, obvi- 
ously, necessary to free the animals from miscellaneous bac- 
teria attached to their surface. In the present work animals 
were sterilized by a method which differed very slightly from 
those devised by Hargitt and Fray and by Phillips. Each 
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animal to be freed from bacteria was transferred by means 
of sterile pipettes througii eight sterile wash waters. The 
first two wash waters were contained in culture slides in a 
sterile Petri dish. These slides had deep cylindrical cavities 
each containing approximately 0.5 cc. of liquid, which gave 
the animal a greater volume of sterile medium and thus facili- 
tated sterilization. The last six waters through which each 
animal was passed were contained in watch crystals, as in 
the work of Phillips. Animals were transferred in each case 
under the low power of a binocular, and in each transfer the 
lid of the Petri dish was raised barely enough to permit the 
entrance of the capillary pipette. The large end of each 
pipette was plugged with cotton to prevent contamination 
from the rubber bulbs which were not sterilized. As a fresh 
sterile pipette was used for each transfer from one sterile 
water to another, it was necessary to have them on hand in 
large numbers. Giround-glass-stoppered specimen jars were 
used as containers, each containing as many as twenty-five 
pipettes. These were sterilized in hot air. These and other 
standard forms of technique used by bacteriologists were 
applied throughout the work. 

Efficiency of this method 

Tables 1 and 2 show the efficiency of the foregoing method 
of sterilizing paramecia. Nineteen individuals of P. cau- 
datum and fourteen of P. aurelia were washed, and in each 
case a record was made to show, a) wdiether the water in 
which the animal was washed was sterile (column 7) ; 
h) whether the last two wash waters remained sterile after 
the washing (columns 2 and 3) ; c) whether each washed ani- 
mal when introduced into 0.5 cc. of sterile hay water continued 
to live more than twenty-four hours (columns 4 and 5), and, 
d) whether the sterile water into which the washed animals 
were introduced remained sterile (column 6). The sterility 
of this water was determined in each case by placing a portion 
of it on the surface of an agar slant and incubating the tube 
at 22° C. for two weeks. In this manner a total of thirty-three 
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animals were washed in the order shown in tables 1 and 2 , 
and no cases were omitted. 

From the data in tables 1 and 2 it may be concluded that 
a paramecinm can be completely sterilized by the method 
above described. In table 1, animals 5, 6, 9, 10, 13, 14, 15, and 

TABLE 1 

Efficiency of washing nineteen individuals of Faramecium caudatum. The 
animals are listed in the order in which they were washed, and 
no eases are omitted 


(1) 

NO. 

(2) 

7th wash 

(3) 

8th wash 

(4) 

CONDITION 
OP ANIMAL 
24 HOURS 
AFTER 
WASHING 

(5) 

CONDITION 
OF ANIMAL 
48 HOURS 
AFTER 
WASHING 

(6) 

CONDITION OF 
WATER, 

48 HOUKS 

AFTER. 

WASHING 

( 7 ) 

CONTROL 

WASH 

WATER 

1 

Sterile 

sterile 

One alive 

One alive 

Contaminated 

sterile 

2 

Sterile 

Sterile 

One alive 

One alive 

Contaminated 

Sterile 

3 

Sterile 

Sterile 

One alive 

One alive 

Contaminated 

Sterile 

4 

Sterile 

Sterile 

(Animal died 

in 7th wash) 



5 

Sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

6 

Sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

7 

Sterile 

Sterile 

Dead 

Dead 

Contaminated 

Sterile 

8 

Sterile 

Sterile ■ 

Dead 

Dead 

Contaminated 

Sterile 

9 

Stei’ile 

Goutaminated 

Dead 

Dead 

Sterile 

Sterile 

10 

Sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

11 

Contamiiiated 

Contaminated 

Dead 

Dead 

Contaminated 

Sterile 

12 

Sterile 

Sterile 

Dead 

Dead 

Contaminated 

Sterile 

13 

Sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

14 

Sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

15 

Sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

16 

Sterile 

Contaminated 

Dead 

Dead 

Sterile 

Sterile 

17 

Contaiuinated 

Sterile 

One alive 

One alive 

Contamiiiated 

Sterile 

18 

Sterile 

Contaminated 

One alive 

One alive 

Contaminated 

Sterile 

19 

Sterile 

Sterile 

One alive 

Two alive 

Contaminated 

Sterile 


16 were successfully sterilized. In table 2, animals 1, 3, 6, 7, 
10, 11, 12, and 14 were successfully sterilized. Out of a total of 
thirty-three animals washed, sixteen were rendered com- 
pletely bacteria-free. 

The data make it necessary to conclude, however, that the 
method cannot be relied upon to successfully sterilize every 
animal washed. Animals 1, 2, 3, 4, 7, 8, 11, 12, 17, 18, and 19 
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in table 1, and 2, 4, 5, 8, 9, and 13 in table 2 were not sterile, 
for in each case the bay water in wbicb the animal died 
showed bacterial contamination. 

Incidentally, the results shown in the above study throw 
some light upon the length of time paramecia will live in 
sterile media. Combining the results obtained with P. cau- 

TABLE 2 

Efficiency of washing fourteen individuals of Paramecium aurelia. The animals 
are listed in the order in which they were washed, and no cases are omitted. 
Animals 12 and 14 lived three days after washing 


(1) 

HO. 

(2) 

7th wash 

(3) 

8th wash 

(4) 

CONDITION 
OF ANIMAL 
24 HOURS 
i AFTER 

WASHING 

„ ._j 

(5) 

CONDITION 
OF ANIMAL 
48 HOURS 
AFTER 
WASHING 

(6) 

CONDITION OP 
HAY WATER 

48 HOURS AFTER 
WASHING 

(7) 

CONTROL 

WASH 

WATER 

1 

sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

2 

Sterile i 

Sterile 

One alive 

One alive 

Contaminated 

Sterile 

3 

Sterile 

Contaminated 

Dead 

Dead 

Sterile 

Sterile 

4 

Sterile 

Sterile 

Dead 

Dead 

Contaminated 

Sterile 

5 

Sterile 

Sterile 

Dead 

Dead 

Contaminated 

Sterile 

6 

Sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

7 

Sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

8 

Contaminated' 

Contaminated 

Dead 

Dead 

Contaminated 

Sterile 

'9 

Sterile 

Sterile 

Dead 

Dead 

Contaminated! 

Sterile 

10 

Sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

11 

Sterile 

Sterile 

Dead 

Dead 

Sterile 

Sterile 

12 

Sterile 

Sterile 

One alive 

One alive 

Sterile 

Sterile 

13 

Sterile 

Sterile 

One alive 

One alive 

Contanunated 

Sterile 

14 

Sterile 

Sterile 

One alive 

One alive 

Sterile 

Sterile 


datum and those with P. aurelia, it may be said that out of 
sixteen cases of successful sterilizations (nos. 5, 6, 9, 10, 13, 
14, 15, and 16 of table 1 and nos. 1, 3, 6, 7, 10, 11, 12, and 14 of 
table 2) only two animals (nos. 12 and 14 of table 2) were 
able to survive complete inanition more than twenty -four 
hours and that the maximum duration of life for these two 
was three days. 
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GROWTH OF PARAMECIA IN PURE CULTURES OF BACILLUS 
PYOCYANEUS 

Material 

It was desirable to use in this study an organism that is 
known to form a soluble toxin, in addition to being patho- 
genic to many animals. It was necessary that this organism 
should be one that grows well in hay water and preferably 
one that is not dangerously pathogenic to man. Bacillus pyo- 
cyaneus meets these requirements, although there is some 
difference of opinion concerning the seriousness of infections 
by this bacillus in man. The use of this species was sug- 
gested by Dr. Moyer S. Fleischer, of the Saint Louis Univer- 
sity Medical School, and the bacteria used throughout the 
study came from his stock culture of this organism. Exami- 
nations made from time to time have shown that the organism 
is G-ram negative and motile. It produces in agar the typical 
pigment of B. pyocyaneus and conforms in its growth in milk 
and in the various sugar media to the descriptions given for 
this bacillus in Bergy’s Manual.^ The pathogenicity of the 
organism was determined, after the culture had been main- 
tained under laboratory conditions on agar for sixteen 
months, by injecting 0.5 cc. of a heavy suspension of the living 
organisms in physiological salt solution into each of three 
guinea-pigs. It was found that either subcutaneous or intra- 
peritoneal injections in every case killed the animal in less 
than twelve hours. In one case the organism was recovered 
in pure culture from the subcutaneous exudate, from the perit- 
oneal cavity, and from the heart-blood. Death of guinea-pigs 
resulting from such injections as described above was inter- 
preted by Kolle and Wasserman (’03) as being due to the 
action of endotoxin. 

The hay infusions containing the pure cultures of Bacillus 
pyocyaneus were prepared by inoculating sterile 0.2 per cent 
hay water contained in 100-cc. Erlenmeyer flasks and incu- 
bated at 35 °C. for two days. These flasks were only partially 

““Bergy, David H. Manual of Determinative Bacteriology, 1923, pp. 123, 124. 
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filled, in order to provide a greater amount of surface for 
aeration. The hay water was prepared by the method pre- 
viously described. In each case a large quantity of the 
medium was prepared in one large container to insure uni- 
formity of composition, and then placed in a number of cotton- 
plugged flasks to be sterilized in steam by the intermittent 
method. This arrangement provided in each case enough 
hay infusion of uniform composition for at least five weeks. 
The pH of all. media made by this method ranged from 6.8 to 
8.3. Very little difference was found between the pH of 
sterile hay water and two-day cultures of B. pyocyaneus made 


TABLE 3 

Hydrogen-ion concentration of sterile hay. water and of cultures made from it 
of B. pyocyaneus and of chance-mixed hacteria from the air 


DATES 

AUGUST 15, 1925 

AUGUST 10, 1936 

Methods 

Colorometric 

Hydrogen electrode 
potentiometer 

Sterile liay water 

6.8 

8.14 

Two-day culture of B. pyocyaneus 

7.0 

8.23 

Ten-day culture of B. pyocyaneus 
Twenty-four -hour oliance-niixed bacterial 

7.0 


culture in same hay infusion 

6.8 

8.0 


with the same hay infusions. The data in table 3 give the 
results of pH determinations made at two different times. 
The infusions used in all experimental work carried on dur- 
ing the months of June, July, and August, 1925, were made 
from Woods Hole pond water. From September, 1925, to 
June, 1926, St. Louis tap-water was used. During June, 
July, and August, 1926, infusions were made from distilled 
water and from St. Louis tap-water. 

Methods 

In establishing the growth of a pure line of paramecia in 
pure cultures of B. pyocyaneus a single animal was first iso- 
lated and permitted to undergo one division. Of the daughter 
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cells, one was used as tlie progenitor of all lines grown 
throughont the course of the experiment in the cultures of 
B. pyocyaneus; the other w^as used as the progenitor of all 
lines grown as controls in the chance-mixed bacterial cul- 
tures. The progenitor of lines to be grown in the pure cul- 
tures of B. pyocyaneus was w^ashed by the method already 
described and then introduced by means of a sterile pipette 
into 0.5 CG. of the pure two-day culture of B. pyocyaneus con- 
tained in a sterile culture slide in a Petri dish. The imme- 
diate offspring of this animal were used as the progenitors 
of as many lines as was necessary to continue in the pure 
cultures. In each line that was thus continued transfers 
were made daily to fresh two-day cultures of bacteria. Ani- 
mals were transferred in every case with sterile pipettes. 
Each transfer was made under a binocular and in each opera- 
tion the lid of the Petri dish was raised barely enough to 
admit the pipette. After these lines had grown for a few 
days in the pure cultures, it was necessary to determine 
whether the cultures were still pure or whether foreign bac- 
teria had been introduced with the washed paramecium or by 
any means. To do this a drop of each culture from each line, 
taken in each case after paramecia had grown in it for twenty- 
four hours, Avas plated out in agar by the usual bacteriological 
method. Where the cultures showed contamination, that line 
was discontinued and replaced by another started from one 
of the lines shoAving no contamination. Throughout the 
course of each experiment a record Avas kept for each line 
of the number of diAusions per day and the number of deaths. 

Experiments and observations 

Paramecia grow at a high dmsion rate and for apparently 
an indefinite period of time in pure cultures of Bacillus pyo- 
cyaneus. This occurs even in toxic cultures of B. pyocyaneus, 
provided the races of paramecia are first made tolerant to 
the toxic agent in the cultures. This fact has some signifi- 
cance in the light of certain discussions during recent years 
as to Avhether paramecia can maintain themselves in pure 
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cultures of any species of bacterium. Hargitt and Fray (’17), 
working’ with eleven of the common species of bacteria which 
inhabit hay infusions, found that paramecia did not maintain 
as high a division rate in pure cultures as when the animals 
grew in bacterial mixtures. Phillips (’22) found the same 
to be true for the twelve additional species that she studied. 

The growth of four lines of P. aurelia for one hundred days 
in hay-infusion cultures of B. pyocyaneus and in chance- 
mixed bacterial cultures, similarly made with hay infusions, 
is summarized in figure 1 and in table 4. Since the cultures 
of B. pyocyaneus used were found to be toxic to P. aurelia, 
it was necessary to habituate the races to this toxic action 
before beginning the experiment. The method of such ha- 
bituation is described and discussed in a later section (com- 
pare p. 99). The mean division rate of the four lines in the 
cultures of B. pyocyaneus for the one hundred days was 1.52, 
while that for the lines in chance-mixed cultures was 1.22, 
thus showing a higher division rate in the cultures of 
B. pyocyaneus. 

So far as possible, the four lines of P. aurelia grown in 
cultures of B. pyocyaneus and the four control lines in the 
mixed-bacterial cultures were kept under uniform conditions. 
All lines were pedigreed stock having descended from one 
animal at the beginning of the hundred-day period. Conju- 
gation was eliminated by the use of the daily isolation method. 
The temperature was controlled to between 22° and 25 °C. 
The light was variable, but affected all lines similarly. The 
hay infusions used had a pH (determined colorometrically) 
of from 8.2 to 8.5 when sterile. Cultures of B. pyocyaneus 
made with this hay water did not develop any appreciable 
change in acidity or alkalinity. The pH of the chance-mixed 
bacterial cultures made from the hay water ranged from 7.1 
to 8.0. 

The growth of a number of lines of P. caudatum for fifty- 
five days in B. pyocyaneus and in chance-mixed bacterial cul- 
tures is summarized in figure 2 and in table 4. Here also the 
division rate, is higher in the cultures of B. pyocyaneus, the 
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Fig. 1 Growth of four lines of P. aurelia for one hundred days in two-day 
cultures of B. pyocyaneus (heavy line) and in chance-mixed bacterial cultures 
(dotted line). February 26 to June 5, 1926. Each curve represents the average 
division rate of four lines again averaged for ten-day periods. Temperature, 


22° to 25°C. 

Fig. 2 Growth of a varying number of lines of P. caudatum for fifty-five 
days in two-day cultures of B. pyocyaneus (heavy line) and in chance-mixed 
bacterial cultures (dotted line). July 3 to August 26, 1925. Bach curve repre- 
sents the average division rate of a varying number of lines again averaged 
for five-day periods. The figures on the curves represent the number of lines 
of parameeia averaged into each five-day period. No control of temperature. 
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mean division rate being 1.4 as compared with 0.75 in the 
chance-mixed cultures. The same methods were used as for 
P. aurelia, except that there wms no control of the tempera- 
ture. The number of lines as shown in figure 2 varied from 
week to week. During most of the time eight lines were 
maintained, but during a few weeks the number was increased 
to twelve, and at the beginning of the experiment and later 
during periods of depression reduced to a smaller number. 
Each line was descended from one individual isolated at the 

TABLE 4 


Comparison of the mean division rates of three species of paramecia in hay- 
infusion cultures of B. pyoeyaneus and of chance-mixed bacteria from the air 



1 

MEDIUM 

NUMBER OF 

DAYS 

MEAN DIVISION 
KATE 

K 

< o 
fa « 

O K 
ps! » 
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DIFFERENCE IN 
MEAN DIVISION 
RATES 

PROBABLE 

ERROR OF 
DIFFERENCE 

SIGNIFICANCE 

FACTOR 

p. 

A. Mixed cultures 

100 

1.22 

.50 




Aurelia 

B. Cultures of B, pyoeyaneus 

100 

1 

1.52 

.53 

.30 

.73 

.41 

P. 

A. Mixed cultures 

55 

.75 

.06 




Caudatum 

B. Cultures of B. pyoeyaneus 

55 

1.4 

.25 

.65 

.25 

2.5 

P, 

A. Mixed cultures 

1 85 

1.48 

.36 




Calkinsi 

B. Cultures of B. pyoeyaneus 

85 

2.54 

.42 

1.06 

.55 

1.9 


beginning of the fifty-five-day period. These cultures of 
B. pyoeyaneus were also toxic, and it was necessary, as with 
P, aurelia, to habituate all the lines of P. caudatum grown 
in them. The method of habituation is discussed later (com- 
pare p. 100). 

The 0.2 per cent timothy-hay infusion used during the 
fifty-five-day period ’was made from Woods Hole pond water, 
and the animals used came from one individual isolated from 
a Woods Hole pond. The pH of the sterile timothy-hay infu- 
sion and of the B. pyoeyaneus and mixed cultures made from 
it is shown in table 3 under the date of August 15, 1925. 
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A race of P. calkinsi grown in the cultures for a period of 
eighty-five days gave results similar to those for P. aurelia 
and P. caudatum. The results for this race are shown in 
figure 3 and in table 4. The mean division rate in the cul- 
tures of B. pyocyaneus was 2.54, while that in the chance- 
mixed cultures was 1.48. 


;pivision 
rate 

3.6 
3 .2 
2 .8 
2.4 
2.0 

1.6 
1.2 

•8 
.4 
0 

Fig. 3 Growth of four lines of P. calkinsi for eighty-five days in two-clay 
cultures of B. pyocyaneus (heavy line) and in chance-mixed bacterial cultures 
(dotted line). May 29 to August 22, 1926. Each curve represents the average 
division rate of four lines again averaged for ten-day periods. No control 
of temperature. 

The 0.2 per cent hay infusions used for P. calkinsi during 
the eighty-five -day period were made from distilled water 
and contained 0.04 per cent NaCl. Woodruff ( ’21) and others 
have found the presence of salt to be necessary for the growth 
of this species. The temperature during the period was con- 
trolled to between 24° and 28° C. The pH of the infusion 
used is recorded in table 3 under the date of August 10, 1926. 
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The cultiires of B. pyocyaiieus made from the distilled-water 
hay infusions ■were not toxic for P. calkinsi. The possible 
significance of this is discussed in a later part of this reports 

With the three races of paramecia used it is evident that 
the division rate in the cultures of B. pyocyaneus is higher 
than in the mixed cultures. When, however, the probable 
error for each mean division rate is taken into consideration, 
the significance factors, as shown in table 4, do not indicate 
that the higher mean division rates in the cultures of B. pyo- 
cyaneiTS are of as much significance as one might at first think. 
The method of determining this significance factor is that 
used by Phillips (’22). It is based upon the mathematical 
assumption that the numerical value representing the differ- 
ence in the means under two experimental conditions is of 
significance if it contains the probable error of the difference 
more than three times. The significance factors shown in 
table 4 indicate that with no one of the three races of para- 
mecia was the higher division rate in the cultures of B. pyo- 
cyanens of such significance. The fact remains, however, 
that the average division rate in the cultures of B. pyocyaneus 
was at least as high as in the chance-mixed bacterial cultures, 
and this fact is significant in connection with the question 
whether pure cultures of bacteria can support continued 
growth of paramecia as well as chance-mixed cultures. 

It may be possible, however, that the periods of high divi- 
sion rate of paramecia in the cultures of B. pyocyaneus is 
due to the stimulation by a toxic substance rather than to the 
superior nutritive qualities of these cultures for paramecia. 
Evidence is presented in another part of this report to show 
that an agent, which is toxic to paramecia, is present in hay- 
water cultures of B. pyocyaneus. It is a well-known fact 
that many poisonous substances may either retard or acceler- 
ate the general activity of protoplasm, ' depending upon the 
amount of the agent present (Pfeffer, ’03, p. 264). 
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DEVELOPMENT BY PARAAIECIA OF TOLERANCE TO THE TOXIC 
EFFECTS OF CULTURES OF BACILLUS PYOCYANEUS 

Cultures of B. pyocyaneus made from 0.2 per cent liay 
water, prepared by diluting standard 1 per cent bay infusion 
with tap-water, were found to be toxic for P. aurelia, P. 
caudatum, and P. calkinsi ; but under certain conditions races 
of these animals acquired a tolerance to this toxic action. 
This may be illustrated bj?' the results obtained with P. 
aurelia (fig. 4). In this experiment a race, consisting of four 
lines descending from one animal isolated from Woodruff’s 
stock culture of P. aurelia, was made tolerant to the toxic 
effects of two-day cultures of B. pyocyaneus by growing lines 
in the toxic cultures for a period of four days and then return- 
ing them for a period of recovery to chance-mixed bacterial 
cultures. After this four-day recovery period, the lines were 
again returned to the toxic cultures in which they were then 
able to grow during the remainder of the one hundred days 
of the experiment. Where no recovery period was provided, 
the lines introduced into the toxic cultures invariably died 
out. The heavy unbroken marking in figure 4 shows the 
average daily division rate during the hundred-day period 
of the lines in which tolerance had been acquired. Pour con- 
trol lines, also descended from the one individual isolated at 
the beginning of the experiment, were grown throughout the 
experiment in chance-mixed bacterial cultures. The average 
division rate of these controls is shown by the dotted mark- 
ing. The toxic effect of B. pyocyaneus cultures was tested 
from time to time by introducing four lines of the animals 
taken from the controls into the toxic cultures. The fate 
of all of these test lines in which tolerance had not been 
acquired is shown in the figure. Each marking of dashes 
represents the average division rate of four of these test 
lines. In all, forty test lines were used, and no one of them 
was able to resist the toxic action, although the four lines 
in which tolerance had been acquired maintained a high 
division rate in the cultures of B. pyocyaneus throughout the 
entire period. Care was taken that the cultures of B. pyo- 
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cyanens used for each test line were removed from the same 
flask as used that day for the four tolerant lines. In other 
words, there was no controllable difference at any time be- 
tween the environment of the lines in which tolerance had 
been acquired and that of the non-tolerant test lines. The 
medium used during the hundred-day period was 0.2 per 
cent timothy-hay infusion made from St. Louis tap-water. 
More recent experiments, discussed in a later part of this 
report, show that distilled water cannot be used in making a 
hay-water culture of B. pyocyaneus that will be toxic to P. 
aurelia. The temperature of the experiment was controlled 
to within two degrees of 20*^0. 

It is clear , that cultures of B. pyocyaneus were similarly 
toxic to P. caudatum and that tolerance was also acquired, 
but no attempt was made to collect as much evidence to show 
this as was collected for P. aurelia. In fact, P. caudatum 
was the species first used in the experiments, and with it 
the first indications of toxic action were observed. This was 
in May, 1925, when repeated attempts were made, without 
success, to grow lines of P. caudatum in two-day cultures of 
B. pyocyaneus. In June, 1925, an attempt was made for the 
first time to render a line of P. caudatum tolerant to the 
toxic action of cultures of B. pyocyaneus by providing periods 


Fig. 4 Development of tolerance by P. aurelia to the toxic effects of two-day 
cultures of B. pyocyaneus. The heavy marking represents the average division 
rate in two-day cultures of B. pyocyaneus of four lines of P. aurelia which had 
acquired tolerance for the toxic effects of these cultures. Tolerance was 
acquired during the second five-day period, at which time the lines were grown 
for recovery in chance-mixed bacterial cultures. These lines were ' averaged 
for five-day periods. 

The dotted marking represents the division rate of four control lines which 
were grown in chance-mixed bacterial cultures. These were sister lines to 
those grown in the cultures of B. pyocyaneus. The marking of dashes represents 
the fate of non-tolerant test lines of P. aurelia which were taken from the 
control lines and introduced into two-day cultures of B. pyocyaneus. Each 
line of dashes represents the average division rate of four of these non-tolerant 
lines on those particular days. 

All animals used were descendants of one individual isolated at the beginning 
of the experiment. Tlie temperature was controlled constantly to within two 
degrees of 20 °C. 
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of rocovGry in cliaiicG-niixGd bacterial cultures. Success came 
so quickly that it was not recognized as such. The lines 
treated began to divide rapidly in the toxic cultures and 
continued to do so for a period of fifty-five days, at the end 
of which time it was necessary to discontinue the study. The 
ease with which this tolerance was acquired weakened belief 
in the toxic action of the pyocyaiieus cultures upon para- 
mecium, and in a preliminary report of the investigation 
made (Philpott, ’25) I stated that only the ten-day, and not 
the two-day cultures, were toxic. Later studies with P. 
aurelia and P. calkinsi as well as further studies with P. 
caudatum confirm the first conclusion, that even two-day cul- 
tures of B. pyocyaneus are toxic and that races of paramecia 
may acquire tolerance to the toxic agent. 

Some data obtained with P. caudatum, which indicate the 
toxic action of the cultures of B. pyocyaneus and the ability 
of this species to acquire tolerance are represented in figure 
5. The heavy marking (5, A) represents the division rate of 
eight lines of P. caudatum in ten-day cultures of B. pyo- 
eyaneus. Previous to this time, these lines had grown for 
thirty days in chance-mixed bacterial cultures. These eight 
lines, as shown in the figure, grew well in the cultures of 
B. pyocyaneus for a period of ten days and then died out, 
with the exception of one line. This one line was saved by 
growing it for a five-day period in mixed bacterial cultures. 
It is the belief that this five-day recovery period brought 
about the development of tolerance in the animals. At the 
end of this recovery period an animal was returned to the 
ten-day cultures of B. pyocyaneus, and from its immediate 
progqny eight lines were produced which, as shown in the 
diagram, continued at a high division rate in the toxic cul- 
tures. The lines averaged in 5, B were sister lines to those 
shown in 5, A, These were tolerant lines and had previously 
grown for thirty days in cultures of B. pyocyaneus. These 
eleven tolerant lines, increased to twelve during the second 
five-day period and later to sixteen, did not show any depres- 
sion in the division rate during the third five-day period when 
fatalities occurred in the non-tolerant lines shown in A. 
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All controllable factors in tbe lines that bad been made 
tolerant and those not so treated were the same throughout 
the period of the experiment. The work was performed at 
Woods Hole during the summer of 1925. Hay water of 0.2 
per cent, made from Woods Hole pond water, was used. 
More recent experiments, discussed in a later part of this 
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Fig. 5 (A) The heavy marking represents the division rate of eight lines 

of P. caudatum in ten-day cultures of B. pyocyaneus. These lines had previously 
grown in mixed-bacterial cultures. The dotted line represents the division rate 
of the controls in chance-mixed bacterial cultures. (B) The heavy marking 
represents the division rate of eleven to sixteen lines of P. caudatum in ten-day 
cultures of E. pyocyaneus. These were sister lines to those represented in (A), 
but had previously grown for thirty days in cultures of B. pyocyaneus. All 
division rates are averaged for five-day periods. ' 


report, show that distilled water cannot be used in making a 
hay-infusion culture of B. pyocyaneus which is toxic to P. 
caudatum. All media used in this experiment were made up 
at the beginning of the fifty-five-day period in one large con- 
tainer and distributed in 100 cc. cotton-plugged flasks. Hence 
there could have been no variation in media from day to 
da;y. Each day the culture of B. pyocyaneus used for the 
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two sets of lines came from the same flask. There was no 
temperature control, but temperature variations were the 
same for all lines. 

Under certain conditions, results have been obtained with 
P. calkinsi similar to those for P. aurelia and P. caudatum. 
Two-day cultures of B. pyocyaneus made from St. Louis tap- 
water were toxic to these animals, but they acquired tolerance 


TABLE 5 

Development of tolerance in four lines of P. ealldnsi to growth in two-day cultures 
of B. pyocyaneus. The figures for each day indicate the number of divisions 
in the different lines for that day. The four lines in (A) were grown in 
two-day cultures of B, pyocyaneus except on certain days, as indicated by 
parentheses, when the animals were grown in chance-mixed bacterial cultures. 
All lines in (B) were grown daily in two-day cultures of B. pyocyane^is and 
there were no recovery periods in mixed cultures. When a death occurred in any 
line, a reserve animal in that line, from the preceding day when available, was 
used to talce its place 
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to the toxic agent as shown in table 5. The eight lines shown 
here were descendants of one animal. Pour lines of animals 
(table 5, A) were made tolerant by growing in two-day cul- 
tures of B. pyocyaneus and providing periods of recovery 
in mixed bacterial cultures. The recovery periods are indi- 
cated by figures in parentheses. The four sister lines 
(table 5, B) were grown under the same conditions as for the 
four tolerant lines (table 5, A), except that no recovery 
periods were provided. These lines (5, B) were not able 
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to develop tolerance to the toxic agent in the cultnre, and all 
were dead at the end of the eighth day. As in previous ex- 
periments, the cultures of B. pyocyaneus used for all lines 
during any one day came from one flask. The hay infusion 
used was made from St. Louis tap-water to which 0.2 per 
cent NaCl was added. The animals used were from Wood- 
ruif ’s stock pedigreed culture of P. calkinsi. 

It was found, however, that when distilled water was used 
in making the hay infusion, the cultures of B. pyocyaneus 
made from it were not toxic to P. calkinsi. During the 
summer of 1926, repeated tests for toxic effects were made 
by introducing lines of P. calkinsi into such cultures of B. 
pyocyaneus, and in no ease was there an evidence of toxic 
action. Care was taken to prepare these cultures in the same 
manner as all toxic cultures had previously been made, except 
that distilled water was used instead of tap-water. When, 
finally, it was evident that the distilled-water cultures were 
non-toxic to the lines of P. calkinsi, the same lines of animals 
were introduced into cultures of B. pyocyaneus made from 
St. Louis tap-water, and the usual toxic effects were obtained. 
In the cultures of B. pyocyaneus made from the St. Louis 
tap-water all of the lines died out within a week, in spite of 
the fact that they had previously grown for a long period 
of time in the non-toxic cultures of B. pyocyaneus made with 
distilled water. The hydrogen-ion concentration of these 
cultures as determined by means of the hydrogen-electrode 
potentiometer were 8,2 for the toxic and 7.67 at one time 
and 8.2 at another for the non-toxic. Since, by this method of 
determining hydrogen-ion concentration, all CO 2 is driven out 
of solution, it is probable that these cultures were less alkaline 
than the above readings indicate. The same lines of ani- 
mals and the same strain of B. pyocyaneus were used in tlj.ese 
toxic and non-toxic cultures, so that it is improbable that the 
difference was due to variations in these organisms. 

Later, results similar to those described for P. calkinsi 
were obtained for P. caudatum and P. aurelia. Two experi- 
ments were carried out with each of these species where, in 
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each case, four lines were grown in cultures of B. pyocyaneus 
made from distilled water, four in cultures of B. pyocyaneus 
made from tap-water, and four in chance-mixed bacterial 
cultures. In each experiment the four lines in the cultures 
of B.' pyocyaneus made from tap-water died within from one 
to seven days, while all other lines continued to live (tables 
10 and 11). No reason for the non-toxic action of the cultures 
in distilled-water media is apparent unless it is due to the 
absence of certain butf er substances in the distilled water that 
were present in tap-water. 

DURATION OF THIS ACQUIRED TOLERANCE 

The tolerance acquired by a race of paramecia to the toxic 
action of a culture of B. pyocyaneus is not permanent. On 
March 22, 1926, four tolerant lines of P. aurelia, which had 
previously grown for fifteen days in toxic cultures of B. 
pyocyaneus, were introduced into chance-mixed bacterial cul- 
tures and grown there for twelve days or for what amounted 
to an average of fourteen generations in the four lines. The 
four lines were then returned to the toxic cultures of B. 
pyocyaneus in which they died within three days. Evidently, 
the tolerance which the lines had previousl}^ acquired was 
lost during the period of growth in the mixed bacterial cul- 
tures. During all of this time four sister tolerant lines con- 
tinued to grow in the toxic infusions at a high division rate 
with no deaths. These results are shown in figure 6. The 
four tolerant lines referred to here are the same as have 
been described in connection with figure 4 of this paper. 

A repetition of this experiment is also shown in figure 6. 
On May 2nd, from the same four tolerant lines of P. aurelia, 
four lines were introduced into chance-mixed bacterial cul- 

Fig. 6 Results of an experiment to determine the duration in races of P. 
aurelia of the acquired tolerance to the toxic action of cultures of B. pyocyaneus. 
The heavy marMng represents the average division rate of four tolerant lines of 
P. aurelia growing in two-day cultures of B.' pyocyaneus from February 26 to 
June 5, 1926. The division rates have been averaged for five-day periods. Each 
of the dotted markings represents the fate of four of the tolerant lines which 
were grown in chance-mixed bacterial cultures for a period of time and then 
returned to the toxic cultures of B. pyocyaneus. 
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tures and grown tliere for seventeen days. During this period 
an average of ten generations occurred in the four lines. 
These four lines were then returned to cultures of B. pyo- 
cyaneus, in which they died mthin six days. During the 
entire time of the experiment four sister tolerant lines con- 
tinued in the toxic cultures with no fatalities. It is liere 
evident again that the acquired tolerance was lost, this time 
during a period of seventeen days’ growth, or ten genera- 
tions, in mixed bacterial cultures. 

NATUEE OF THE TOXIC AGENT IN GULTUKES OF BACILLUS 
PYOCYANEUS 

There are several substances known to be present in cul- 
tures of Bacillus pyocyaneus, any one of which might produce 
a toxic effect upon paramecium. Wasserman (’96) concluded 
from the result of his investigations that this organism pro- 
duces both a soluble exotoxin and an endotoxin. Although 
the strength of the exotoxin never approaches that of diph- 
theria and tetanus, the blood of the animals immunized 
against it contains antitoxic substances. Acklin (’25) has 
shown that various strains of B. pyocyaneus growing in 
relatively simple, albuminoid-free media retain their virulence 
and ability to produce toxin. Wasserman ( ’96) reported that 
animals actively immunized with living culture masses of 
B. pyocyaneus, that is with the endotoxin, develop only 
bacteriolytic antibodies in their blood serum. 

Emmerich and Low (’99) report that filtrates of old broth 
cultures of B. pyocyaneus contain a ferment-like substance 
which they call ‘pyocyanase.’ This is able to, destroy other 
bacteria, apparently by lysis. They describe pyocyanase as 
being exceedingly thermostabile, since it resists boiling for 
several hours. 

Bulloch and Hunter ( ’00) report the presence in cultures of 
B. pyocyaneus of another thermostabile substance which they 
called ‘pyocyanolysin.’ This agent is capable of producing 
a hemolyzing effect. Jordan ( ’03) thought, however, that this 
hemolyzing effect w^as due to the alkalinity of the filtrates. 
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Petty ( ’21) has shown that B. pyoeyaneiis gro-wing in egg- 
hroth gelatin and in a synthetic hroth produces measurable 
quantities of hydrocyanic acid. He found that the amount 
varied with different strains of B. pyoeyaneus and with the 
media and the pH. 

The attempt has been made in the present study to use the 
method of elimination as the means of determining which, 
if any, of the above agents may be responsible for the toxic 
action of cultures of B. pyoeyaneus upon paramecia. It was 
recognized at the outset that the reliability of this method 
depends upon the extent to which all possible causative agents 
are taken into consideration. There may, of course, be other 
toxic agents in cultures of pyoeyaneus in addition to those 
above cited ; but, in view of the manj^^ studies which have been 
made relative to the toxic action of this organism, the exist- 
ence of such agents seems improbable. 

The results obtained indicate that it is something dissolved 
in the cultures of B. pyoeyaneus, and not the endotoxin which 
serves as the toxic agent. Attention has alreadj^ been called 
to the fact that cultures of this organism in hay infusioji 
made from distilled water were not toxic to any of the three 
species of paramecia used in this study. Heither did races 
of paramecia grown in non-toxic cultures of B. pyoeyaneus 
develop any resistance that enabled them to grow in toxic 
cultures of these bacilli. Since paramecia growing in these 
non-toxic cultures are feeding upon the living bacilli, it would 
seem that the endotoxin is not the toxic agent. Otherwise 
one must suppose that the endotoxin is non-toxic under one 
set of conditions and toxic under the other. The conclusion 
that the endotoxin is not responsible for the toxic action is 
further strengthened by the fact that filtrates of cultures of 
B. pyoeyaneus have been found to contain a soluble toxic 
agent. . 

That an agent toxic to paramecium is produced in the 
medium in which pyoeyaneus bacilli grow is indicated by 
the results of experiments which show that tolerance in 
paramecia may be developed by subjecting the animals to the 
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effects of filtrates of cultures of B. pyocyaneus. Table 6 
shows the results of one of these experiments. For use in 
the experiments filtrates of cultures of B. pyocyaneus were 
made by passing two-day cultures of this organism through 
Berkefeld filters. Four lines of P. aurelia were grown in 
these filtrates as shown in table 6. On August 14th, the 
animals were grown in the filtrate for a twenty-four-hour 

TABLE 6 

Development of tolerance hy P. aurelia to growth in two-day cultures of B. 
pyocyaneus. Numbers in parentheses are the divisions for the day in filtrates 
of cultures of B. pyocyaneus. The italic numbers represent divisions per 
day in two-day cultures of B. pyocyaneus. Numbers without parentheses or 
italics represent divisions in chance-mixed bacterial cultures. The four lines 
(A) were rendered tolerant by growing during four different days in filtrates 
of B. pyocyaneus. Four sister control lines (B) were grown during the time 
in chance-mixed bacterial cultures and were not subjected to the filtrate. These 
four linos, lolien introduced into cultures of B. pyocyaneus, could not resist its 
toxic action and died as shown on the days marked ‘D’ in the table 
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period. This was accomplished by placing the sterile filtrate 
in the cavities of depression slides contained in Petri dishes 
and introducing with each animal barely enough miscellaneous 
bacteria to supply food. The- four lines were then allowed to 
recover for a two-day period in chance-mixed bacterial cul- 
tures, after which they were again grown in filtrates of B. 
pyocyaneus for three days. At the end of this period, the 
four lines were introduced into two-day cultures of B. pyo- 
cyaneus (table 6), where they were able to maintain a high 
division rate. The four control sister lines, which were not 
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grown during the first six days in the toxic filtrates, but in 
non-toxic mixed bacterial cultures, were unable, when intro- 
duced into cultures of B. pyoejmneus, to resist the toxic effect. 
It thus appears that the four lines subjected at intervals dur- 
ing a six-day period to filtrates of B. pyocyaneus acquired a 
tolerance to the toxic agent. Unfortunately, it was impossible 
to continue the four tolerant lines by the daily isolation 
method after August 30th. Mass cultures were made, how- 
ever, and these continued for three weeks. All the lines of 
paramecia used in the experiment, including the controls, 
descended from one animal isolated at the beginning. After 
the sixth day, all tolerant and control lines were grown each 
da^’" in portions of a culture of B. pyocyaneus removed from 
one flask. This served to keep the environment the same 
for all lines. The temperature was controlled to between 
24° and 28° C. 

A similar experiment was performed with P. caudatum, the 
results of which are shown in table 7. Here the results are 
not so satisfactory. The four lines that were grown at in- 
tervals in filtrates of B. pyocyaneus and then introduced into 
cultures of this organism were, as expected, tolerant to the 
toxic action. Two of the control lines which had been sub- 
jected to the filtrates died in accordance with expectations 
shortly after being introduced into the toxic cultures. The 
other two control lines survived. The fact that these t-wo 
surviving control lines went through a critical period during 
the first six days of their growth in the toxic cultures may 
be significant. During the third, fourth, and fifth days there 
were no divisions in either of these lines. During the sixth 
day in the cultures of B. pyocyaneus there was only one divi- 
sion in each of these lines. During the same period of time 
the four sister tolerant lines, as shown in table 7 (A), were 
growing in the same cultures of B. pyocyaneus and at a high 
division rate. A depression period seems, therefore, to have 
occurred in these control lines when they were introduced into 
the toxic cultures. After the first six days in the toxic cul- 
tures, the two surviving control lines increased their division 
rates. My interpretation of these data is that the two control 
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lines of P. candatum were able to survive and recover from 
the toxic effects of the cultures of B. pyocyaiieus and that 
they acquired a tolerance for the toxic substance in the cul- 
ture as a result of their experience. The method used in 
rendering lines of P. caudatum tolerant by means of toxic 
filtrates were the same in every way as those used with P. 
aurelia and described above. 

TABLE 7 

Developme^ii of tolerance hy P. caudatum to growth in two-day cultures of B. 
pyocyaneus. Numbers in parentheses are the divisions for the day in filtrates 
of cultures of B. pyocyaneus. The italic numbers represent divisions per day 
in Uoo-day cultures of B. pyocyaneus. Numbers without parentheses or 
italics represent divisions in chance-mixed bacterial cultures. The four lines 
(A) were rendered tolerant by grovoing during three different days in filtrates 
of B. pyocyaneus. Four sister control lines (B) were grown during the time 
in chance-mixed bacterial cultures and were not subjected to the toxic filtrates. 
Two of these lines when introduced into the cultures of B. pyocyaneus could 
not resist its toxic action and died as shown on the days mariced ‘B’ in the 



It has been impossible to demonstrate directly that the 
filtrates of B. pyocyaneus are toxic for paramecia. The 
filtrate when first obtained is, of necessity, sterile. When 
paramecia are introduced into this sterile filtrate, they die 
of starvation, unless miscellaneous bacteria are added as 
food. Thus it is impossible to determine directly whether 
the death of an animal that has been introduced into the 
supposedly toxic filtrate is a result of toxic action or of 
starvation. 
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It appe^irs from another experiment that the toxic agent 
in cultures of B. pyocyaneiis is destroyed by heat (table 8). 
In this experiment eight lines of P. aurelia were grown from 

• TABLE 8 

Results of mi experiment to determine tvhether cultures of B. pyooyaneus that had 
heen heated had lost their ability to induce the development of tolerance in 
lines of P. auretia. May S to May 19, 1926. Each figure represents the 
number of divisions for the day V 


Growth for fourteen days in cultures of Bacillus pyoeyaneus which had been 
heated to 80 °C. for fifteen minutes 
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Growth for fourteen days in cultures of B. pyoeyaneus which had been heated to 
100 °C. for fifteen minutes 
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Growth for fom'teen days in chance-mixed bacterial cultures 



Growth of control tolerant sister lines in two-day cultures of B. pyoeyaneus 
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day to day in cultures of B. pyoeyaneus that had been heated 
to a temperature high enough to kill all bacilli and to destroy 
anything in the nature of .a toxin. The temperatures used 
were 80° and 100° C. for fifteen minutes. These lines of 
parameeia were carried by means of the daily isolation 
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metliod for a period of fourteen days in the boiled cultures 
of B. pyocyaneus. In transferring each animal into the cul- 
ture that had been heated, enough miscellaneous bacteria were 
carried along with the paramecium to provide food for the 
following day, but care was taken to keep this bacterial con- 
tamination at a minimum. The results given in table 8 show 
no evidence that the heated cultures were toxic to paramecia. 
The lines growing in these heated cultures (A and B) dis- 
played division rates as high as those for the control lines 
(C) in the chance-mixed bacterial cultures. At the end of the 
fourteen-day period the eight lines of paramecia were intro- 
duced into two-day cultures of B. pyocyaneus. Each of these 
lines died in a few days after introduction into the toxic 
cultures, which shows that there was nothing in the heated 
culture that had the effect of stimulating the development 
of tolerance in the race of paramecia. During the time that 
these lines were dying in the toxic cultures of B. pyocyaneus, 
four control tolerant sister lines (D) grew day by day in the 
same toxic cultures used for the dying lines and with no 
depression in division rate. This indicates that a toxic agent 
was responsible for the death in all lines indicated in A, B, 
and C. The control tolerant lines shown in D of this figure 
are the same as those described in figure 4 of this paper. 

The fact that a boiling temperature for fifteen minutes 
destroys the effectiveness of the toxic action i,n a culture of 
B. pyocyaneus eliminates the possibility of this action being 
due to the presence of either pyocyanase or pyocyanolysin, 
because these substances are able to resist boiling for several 
hours (compare p. 108). 

The experiment showing the effect of heat upon the toxic 
agent does not, however, eliminate hydrocyanic acid as the 
responsible factor, since boiling for fifteen minutes might 
drive off this volatile substance. There are, however, indica- 
tions that HCN is not responsible for the toxic action of B. 
pyocyaneus upon paramecia. In the first place, it is probable 
that very little of the HCN, known to be produced in the cul- 
tures of B. pyocyaneus used in these experiments, could have 
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existed in the free state, since these cultures had a reaction 
on the alkaline side of neutrality. In such a medium as 
alkaline hay infusion it is probable that much of the free HGN 
was converted into salts which are not so toxic as free HGN.® 
In the second place, certain facts indicate the absence of any 
correlation between the degree of toxic action of certain cul- 
tures and the amount of HGN they w^ere found to produce 
in a given time. Indeed, certain cultures of B. pyocyaneus 
found to be non-toxic to paramecia produced in a given time 
as much HGN as was produced in toxic cultures (table 9). 

• The method of estimating the amount of HGN was that 
used by Petty (’21). In each determination 200 cc. of hay 

TABLE 9 

Estimated amount per euMo centimeter of HCN liberated in seven days in cultures 
of B. pyocyaneus made from distUled-water hay infusions and from tap-water 
hay infusions. Each culture was incubated for seven days at 35° C. The pS 
determinations were made by colorometric methods 



rnSTItiliED-WATEE ■ 
CULTURES 

pH 

TAP-WATER 

CULTURES 

pH 

Pirat determination 

.00033 mg. 

7.0 

.00018 mg. 

8.0 

Second determination 

.00044 mg. 

7.0 

,00041 ing. 

j 

8.5 


water in a 250-cc. flask was inoculated with Bacillus pyo- 
cyaneus and incubated for seven days at 35 °G. During this 
period air, filtered through soda lime, was passed through the 
culture and into 4 per cent KOH. At the end of this seven- 
day period the KOH solution was added to the seven-day 
culture of B. pyocyaneus, the whole was acidified with sul- 
phuric acid and distilled into 4 per cent KOH. To the dis- 
tillate 1 cc. of yellow ammonium sulphide was added, the 
whole was evaporated to dryness on a water-bath and the 
residue was extracted with three 10-cc. portions of acetone. 
The acetone solution was then evaporated to dryness and 
water added. To this solution of potassium sulphocyanide 
fifteen drops of 5 per cent ferric chloride solution w^as added, 

^ Sollman, Toroid. A Manual of Pharmacology, third edition, 1926, p. 774. 
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which converted the KCNS into blood-red ferric thiocyanate. 
The amount of the latter was determined colorometrically 
by comparing’- with freshly made KCNS solutions of known 
strength to which ferric chloride solution had been added. 

The results shown in table 9 indicate that the amount of 
HCN present in the toxic two-day cultures of B. pyocyaneus 
used in this study was very sniall. ■ Especially is this evi- 
dent when one considers the fact that the amount shown in 
the table represents the total amount produced in a culture 
of B. pyocyaneus in seven days, and not the amount present 
at any one time ; and that the estimated amount includes not 
only the free HCN present in the culture during the period, 
but also the HCN derived from the salts of cyanide that were 
formed in the culture. As has been pointed out, all of the 
hay-infusion cultures of B. pyocyaneus used in this study had 
a pH on the alkaline side of neutrality. It is probable that 
much of the HCN in each culture was converted into salts, as 
fast as it was formed, with the result that little of it existed 
at any one tinie in its free state. 

Table 9 also indicates that a greater amount of HCN was 
present in the hay-infusion cultures of B. pyocyaneus that 
were made with distilled water than in those made with tap- 
water. Since the distilled-water cultures of B. pyocyaneus, 
in which the g;:eater amounts of HCN existed, were non- 
toxic to paramecia, while similar cultures made from tap- 
water were toxic, it would seem that HCN is not the toxic 
agent. One may conclude that there is no correlation be- 
tween the toxicity and the amount of HCN present under the 
two conditions, because the amount of HCN present in the 
non-toxic cultures is, if anything, slightly more than in the 
toxic cultures. 

This non-toxic action of cultures of B. pyocyaneus made 
from distilled water was first observed in connection with the 
growth of P.. calkinsi in cultures of B. pyocyaneus as has been 
previously explained (p. 105). To make sure of this differ- 
ence in toxicity in the two types of cultures further experi- 
ments were undertaken with P. caudatum and P. aurelia. The 
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results of this study are shown in tables 10 and 11. The ex- 
periments were conducted at the same time that the HGN 

TABL.E 10 

Difference of the effect upon Paramecium aurelia of growth in two-clay cultures 
of B. pyocyaneus made from distilled water (A) and those made from tap- 
water (B). All lines were descendants of one individual isolated at the 
beginning of the experiment. The pH determination was made once only, but 
the same medium was used throughout the experiment. The pH determinations 
were made by colorometric methods 
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TABLE 11 

Difference of the effect upon Paramecium caudatum of growth in two-day cultures 
of Bacillus pyocyaneus made from distilled water (A) and those made from 
tap-water (S). All lines were descendants of one individual isolated at the 
beginning of the experiment. The pH determination was made once only, but 
the same medium was used throughout the experiment. The pH determination 
was made by colorometric methods 
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determinations were being made. The distilled-water hay 
infnsions used in making the cultures of B. pyocyaneus for 
the HCN determinations and the cultures of B. pyocyaneus 
in which the races of paramecia were grown were made up 
at one time in one large container. Likewise, the tap-water 
infusions used for both purposes were made in one container. 
Thus there could have been little variation of media in the 
similar cultures used for the different purposes. 

It is evident from the results presented in tables 10 and 
11 that the cultures of B. pyocyaneus which were made from 
tap-water hay infusions and which, as shown in table 9, con- 
tained the smaller amount of HGN, were toxic to P. aurelia 
and P. caudatum, while similar cultures which were made 
from distilled-water hay infusions and which contained a 
greater quantity of HCN were non-toxic. 

The alkalinity or acidity of the hay-infusion cultures is not 
responsible for the toxic action upon paramecia. The hay- 
infusion cultures of B. pyocyaneus which were toxic to P. 
aurelia had a pH of from 8.2 to 8.5. The cultures that were 
toxic to P. caudatum had a pH of 7.0, while the non-toxic, 
mixed bacterial cultures, used as controls, had a pH ranging 
from 7.1 to 8.0. The cultures of B. pyocyaneus that were 
toxic to P. caudatum had a pH of 7.0, while the non-toxic, 
mixed bacterial cultures, used as controls, had a pH of 6.8. 
These determinations were made by colorometric methods. 

It may also be mentioned that the agency in cultures of 
B. pyocyaneus that is toxic to paramecia does not cause im- 
mediate death of these animals. Death in any line usually 
results after a period of from five to ten days of growth in 
the toxic cultures, during which a high division rate of the 
paramecia is not uncommon. This may be compared with the 
‘period of incubation’ of a toxin or time elapsing between 
inoculation and death as seen in higher animals. Thus a 
guinea-pig usually dies in or after the fourth day following 
inoculation with a lethal dose of diphtheria toxin, and such 
incubation periods are a distinguishing feature of toxins. 
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The facts above presented seem to eliminate the possibility 
that the toxic action of the cnltnres of B. pyocyaneus is dne 
to endotoxin, to pyocyanase, to pyocyanolysin, to hydrocyanic 
acid, or to hydrogen-ion concentration. They point to the 
soluble toxin of B. pyocyaneus as being the toxic agent unless 
there is some other poisonous substance produced in the 
culture by the bacillus that is either thermolabile or capable 
of being volatilized and driven out by boiling temperatures. 

In the absence of exact knowledge regarding the chemical 
nature of what are called ^toxins,’ it is perhaps as justifiable 
to call the lethal agent a ‘toxin’ as a ‘deleterious substance,’ 
and to conclude that an ‘immunity’ to B. pyocyaneus can be 
developed in paramecium comparable with that produced in 
higher animals. Such was the terminology used in the pre- 
liminary reports of the present work (Philpott, ’25, ’26). The 
subsequent discovery of Petty’s account (’21) of the produc- 
tion of hydrocyanic acid by Bacillus pyocyaneus has led to a 
more cautious statement, although it does not seem that 
hydrocyanic acid is the effective agent. It has seemed advisa- 
ble, therefore, to use the term ‘toxic substance’ and ‘tolerance’ 
throughout, although it is probable that we are dealing with a 
true case of immunization against a toxin. Similar results 
with other toxins and with other protozoa are needed to 
establish the conclusion that races of protozoa may be im- 
munized to toxins. 

GROWTH OF PARAMECIA IN PURE CULTURES OF BACILLUS 
ENTERITIDIS 

In contrast with the foregoing relationships in cultures of 
Bacillus pyocyaneus, the evidence thus far obtained indicates 
that paramecia will not grow in pure cultures of Bacillus 
enteritidis. All attempts that have been made to render pure 
lines of paramecia capable of growth in pure cultures of 
B. enteritidis have failed. 

Bacillus enteritidis Gaertner was selected as an organism 
to be used in this study, because of its pathogenic effects. It 
is perhaps the commonest cause of food poisoning and affects 
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a wide variety of vertebrate auimals. The poisonous product 
of the growth of this organism is known to be an endotoxin, 
and not a true toxin. No antitoxic substances are known to be 
developed. The strain of the organism used was obtained 
from the American Type Culture Collection of 637 S. Wood 
Street, Chicago, Illinois. 


TABLE 12 

Growth of twelve lines of Paramecium caudatum in pure cultures of Bacillus 
enteritidis. The nuniber of days indicated is the entire time the line grew 
in cultures of B. enteritidis before dying out. The division rate shown for 
the control lines in the mixed bacterial cultures is the average number of 
divisions per day for the number of days during which the line in the cultures 
of B. enteritidis continued to grow. In each case the animals in the control 
belonged to the same pure line as those in the cultures of B. enteritidis 


NO. 

DATE 

NUMBEE OP DAYS 

AVERAGE DIVISION 
BATE PEE DAY 

AVERAGE DIVISION 
R.ATE IN CONTROL 

1 

1933 

February 24 

5 

.4 

.6 

2 

February 24 

5 

.4 

.6 

3 

Marcli 5 

2 

.6 

1.5 

4 

March 5 

3 

1.0 

1.0 

5 

March 4 

3 

1.0 

1.5 

6 

March 4 

4 

1.0 

1.5 

7 

March 5 

2 

.5 

1.5 

- 8 

March 5 

3 

.3 

1.0 

9 

March 12 

2 

.5 

1.0 

10 

March 12 

2 

.5 

1.0 

11 

March 13 

4 

.5 

2.0 

12 

March 13 

4 

.5 

2.0 


Mean 

3.25 

.6 

1.26 


The cultures of B. enteritidis were made by inoculating 0.2 
per cent sterile hay water contained in cotton-plugged flasks 
and incubating for two days. Quantitative bacteriological 
analyses indicated that the bacilli grew profusely in the 
medium. 

The animals used belonged to a pure line of P. caudatum 
descended from one individual isolated from Saint Louis 
pond water on February 23, 1925. 
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The results of the growth of twelve* typical cases of P. 
caudatum in enteritidis and in mixed cultures are shown in 
table 12. It appears that the cultures of B. enteritidis are 
toxic to P. caudatum. The lines of paramecia were not killed 
immediately when introduced into the cultures, hut continued 
to live for an average of 3.25 days. During the period when 
the lines in the cultures of B. enteritidis were dying the 
sister control lines in the mixed cultures were growing nor- 
mally, showing that death in the toxic cultures was due either 
to the condition of the medium or to the nature of the food. 
The average division rate for the twelve lines in the cultures 
of B. enteritidis was 0.6, as compared with an average of 1.26 
for the control lines in the chance-mixed bacterial cultures. 

Attempts were made without success to habituate lines 
of P. caudatum to growth in cultures of B. enteritidis. No 
tolerance was developed in the lines even when three recovery 
periods were provided. Neither was it evident that the lines 
developed any greater degree of sensitiveness to enteritidis 
bacilli as a result of the periods of growth and recovery. 

GEOWTH OP PAEAMECIA IN MEDIA CONTAINING DIPHTHEEIA 

TOXIN 

In the preceding section attention has been called to the 
difficulty of determining whether the resistance acquired by 
races of paramecia to the toxic action of cultures of B. pyo- 
cyaneus represents an acquired tolerance to a poison or a 
true case of immunization to a toxin. It would be easier to 
study the phenomenon of immunization in races of paramecia, 
if such exists, by working with standard toxins. Minute 
and measured amounts of such material could be added to 
culture media of known composition, and if toxic action re- 
sulted there could be no question about the causative agent. 
At the present stage of this investigation, diphtheria toxin 
is the only one of this type that has been employed. 

The diphtheria toxin used was supplied through the kind- 
ness of Dr. Mazyck P. Eavenel, of the Department of Medical 
Bacteriology and Preventive Medicine, and director of the 
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Public Health Laboratory of the University of Missouri, for 
whom, it was prepared and tested by the Gilliland Labora- 
tories, Marietta, Pennsylvania. The toxin, of necessity, dif- 
fered from the usual preparations, since it was devoid of 
preservatives added to prevent bacterial growth. The pres- 
ence of the preservative would doubtless have had an effect 
upon the growth of paramecia, and consequently would have 
complicated the study. The toxin used throughout the study 
had an M. L. D. of 300, i.e,, Vsoo ce. was the minimum amount 
required to kill a guinea-pig weighing 250 grams in four days. 

The experimental animals were in each case grown from 
day to day in 0.2 per cent timothy-hay infusion to which 
measured quantities of toxin had been added. The timothy- 
hay infusion was prepared as has been previously described 
and enough was made at one time to last throughout the ex- 
periment. This infusion after sterilization had a pH of 
7.32. The medium for each day was prepared by adding 0.12 
cc. of the diphtheria toxin to 20 cc. of the sterile hay infusion. 
For the growth of each animal 0.5 cc. of this mixture was 
added to the cavity of a culture slide in a Petri dish and 0.2 
cc. of a twenty-four-hour mixed-bacterial culture in hay infu- 
sion was added for food. Thus there was provided in each 
cavity of a culture slide for each paramecium a total of %33 
cc. of diphtheria toxin — almost a minimal lethal dose for a 
guinea-pig weighing 250 grams. It was found that when a 
greater amount of toxin was added the presence of the nutri- 
tive materials in the added broth containing the toxin brought 
about the development in the hay infusion of bacterial scums 
and precipitates that hindered the normal growth of the 
paramecia and complicated the experiment by increasing the 
possibility of the active toxin being modified or destroyed by 
the numerous bacteria and their products. It was intended 
to provide in the medium the maximum amount of diphtheria 
toxin that could be used without causing the formation of 
such bacteriological scums and precipitates. After many 
trials it was found that the mixture of 0.12 ce. of toxin to 
20 cc. of the hay water was the most satisfactory. 
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That detoxification did not occur, when diphtheria toxin 
was added to the hay water, was determined by injecting 
guinea-pigs with fatal doses of the toxin diluted in 0.2 per 
cent hay infusion. That the presence of bacteria added to 
the hay infusion-toxin mixtures did not modify or destroy 
the toxin is indicated by the following experiment. On 
August 30th, a guinea-pig weighing 380 grams was injected 
with 1.5 cc. of a hay infusion-toxin mixture. This time 0.12 
cc. of the toxin was added to 10 cc. of sterile 0.2 per cent hay 
infusion, and the mixture was then heavily inoculated with 
air bacteria and inoculated at 25° C. for six hours. At the 
end of this time, the contaminated hay infusion-toxin mixture 
was passed through a Berkefeld filter and 1.5 cc. of the 
sterile filtrate injected intraperitoneally into the guinea-pig. 
The animal died in forty-eight hours. Two control animals 
each injected with filtrate similar, in every way to that de- 
scribed above, except that the toxin had been omitted, re- 
mained alive. 

Pure lines of three species of paramecia were used in this 
study. The pure line of P. caudatum came from an individual 
isolated from an aquarium in Columbia, Missouri, on August 
7, 1926, and the lines of P. aurelia and P. calkinsi from indi- 
viduals isolated from Woodruff’s pedigreed stocks. 

In each experiment undertaken one animal was isolated and 
its immediate descendants were used as the beginning of, 
a) four lines to be grown from day to day in cultures con- 
taining diphtheria toxin; h) four lines in cultures containing 
boiled toxin, and, c) four lines in cultures containing no toxin. 
As usual, the daily isolation method was used and records 
were kept of the number of divisions per day. Hay infusion- 
toxin mixtures were made each day just before the transfer 
of animals to fresh media. The temperature of all infusions 
containing paramecia was controlled to between 23° and 25°C., 
since the infusion-toxin mixtures at higher temperatures often 
developed troublesome scums and precipitates. 

It was found that lines introduced into cultures containing 
toxin as well as into cultures containing boiled toxin did not 
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survive many days. Wherever a line died out in such a 
culture, a new line was started to take its place. Such 
new lines were in every case started from individuals dis- 
carded from the control lines growing in the culture con- 
taining no toxin. Thus, while there were only four lines 
under observation for each kind of media at any one time, 
the total number of lines used during the entire time of 
the experiment in the culture that contained toxin and in 
the cultures that contained boiled toxin was greater than 
four. At the end of each experiment it was possible to deter- 
mine for each type of medium used the total number of lines 
introduced and the average duration of life in each line. 


TABLE 13 

Effect of diphtheria toxin on lines of P. candatum. Duration of experiment, 

sixteen days 


1 

totaij number 
OF LINES 
INTRODUCED 
INTO THE 
MEDIUM 

AVERAGE 
NUMBER OF 
DAYS LINES 
SURVIVED 

PERCENTAGE 
OF DEATHS 

MEAN 

DIVISION 

RATE 

A. Medium containing toxin 

9 

8.3 

10 ; 

1.08 

B. Medium containing boiled toxin 

7 

8.0 

8 

1.17 

C. Medium containing no toxin 

4 

16.0 

1 

.73 


The data obtained with respect to P. caudatum are shown in 
table 13. It is evident from a consideration of the items in 
the table that, under the conditions of the experiment, diph- 
theria toxin had no appreciable effect upon this species of 
paramecium. The average number of days the lines (A) 
survived in the presence of the toxin was 8.3, as compared 
with 8.0 for the lines (B) growing in the presence of boiled 
toxin. The mean division rate for the lines (A) growing in 
the presence of toxin was 1.08, as compared with 1.17 for lines 
(B) growing in the presence of boiled toxin. There was, 
similarly, no difference of any significance in the percentage 
of deaths in the lines under the two experimental conditions, 
since it was 10 per cent for the former and 8 per cent for 
the latter. 
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The death rate and division rate in the four lines in (C) 
that were grown in the media containing no toxin is quite 
different from that for the lines in (A) and (B). This differ- 
ence is due to the absence in (C) of certain nutritive sub- 
stances which were present in the toxin added to all media 
used for lines in (A) and (B). These nutritive substances 
include peptone, beef extract, and dextrose in small quantities. 

TABLE 14 

Effect of diphtheria toxin on lines of P. aurelia. The experiment covered d 
period of nineteen days, from Avgust 11 to August 30, 1926. Twelve sister 
lines of parameda were started in the infusions, foiir in A, four in B, and four 
in C. In each case where a line died out another was started to take its place. 
Such replacements in every case were made from animals discarded from line 
C. Each replacement thus made constituted the beginning of a new line and 
the total number of lines introduced into each medium throughout the time of 
the experiment is shoion in the first column 



TOTAIj number 
OP LINES 
INTRODUCED 
INTO MEDIUM 

AVERAGE 
NUMBER OF 
DATS LINES 
SURVIVED 

PROBABLE 

ERROR 

PERCENTAGE 

OP DEATHS 

MEAN 

DIVISION 

RATE 

pa 

» a 
< o 
a 

O PS 

A, Medium containing 
toxin 

13 

5.8 

3.5 

13 

1.0 

.2 

B. Medium containing 
boiled toxin 

7 

10.0 

3.6 

6 

1.0 

.2 

C. Medium containing 
no toxin 

5 

16.5 

1.6 

4 

.9 

.5 


The results for P. aurelia, as shown in table 14, might 
seem to indicate that the diphtheria toxin had some effect 
upon metabolism in this species. However, when one con- 
siders the large probable error for some of the figures in the 
table it becomes evident that the conclusion may also be 
made here that the presence of the toxin had no appreciable 
effect upon the division rate or upon the time that a race of 
these animals is able to survive in the infusions. It is particu- 
larly noticeable that the percentage of deaths in the lines 
of P. aurelia growing in the presence of a toxin was 13 as 
compared with a percentage of 6 for the lines in the presence 
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of the boiled toxin. Here it might seem that the presence of 
the toxin had some influence upon the death rate in the lines 
of P. aurelia. But the results obtained with P. caudatum, as 
shown in table 13, and with P. calkinsi, as shown in table 15, 
do not support this conclusion. 

The results of a study of diphtheria toxin upon lines of 
P. calkinsi, as shown in table 15, justifies the same conclusion 
as with P. caudatum and P. aurelia, that the toxin had no 
appreciable etfect upon the division or death rate of this 
species. 

TABLE 16 

Uffect of diphtheria toxin on lines of Paramecium calhinsi. The experiment 
covered a period of twenty-four days, from August 6 to August SO, 19S6. 
Twelve sister lines of paramecia were started in the infusions, four in A, four 
in B, and four in C. In each case where a line died out another line was started 
to take its place. Such replacements were, in every case, made from animals 
discarded from line C. Bach replacement thus made constituted the beginning 
of a new line, and the total number of lines introduced into each medium is 
shown in the first column of the table 



^ w 

E a fi 

9 «2 

S ” P E 

O O M M 

AVERAGE 
KTJMBEB OP 
DAYS TjINES 
SURVIVED 

PROBABEiE 

ERROR 

PERCENTAGE 

OP DEATHS 

MEAN 

DIVISION 

RATE 

A. Medium containing toxin 

' j 

7 

13 

6 

4 

.6 

B. Medium containing boiled toxin 

5 

18 

5 

3 

.6 

C. Medium containing no toxin 

4 

23 

.8 

1 

1.5 


The results here obtained in the study of the relation of 
diphtheria toxin to growth in paramecia are similar to those 
obtained by Oehler (’21) on Colpidium. He grew three 
species of this organism in pure diluted bouillon cultures of 
Bacillus diphtheria. He worked with mass cultures of the 
protozoa and was not able to find any effects produced by 
the diphtheria cultures which were not produced in cultures 
of non-pathogenic bacteria. He was concerned, however, 
with cytological effects and not with effects upon the division 
rate. 
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DISCUSSION 

It has been shown in the foregoing study that races of 
paramecia are able to adapt themselves to growth in toxic 
cnltnres of Bacillns pyocyanens. The evidence indicates that 
this adaptation is an immunization to the soluble pyocyaneus 
toxin, although it is not established beyond question that it 
is not a case of acquired tolerance to some other deleterious 
substance. Wliatever may be the fact as between the de- 
velopment of immunity or of tolerance, the adjustment of 
races of paramecia to growth in the presence of deleterious 
substances, as described in this investigation, di:ffers from 
most studies that have been made of acclimatization in uni- 
cellular organisms, because the daily-isolation method has 
been used throughout. This eliminates the agency of selec- 
tion. It is only by this method that one can hope to demon- 
strate the development in races of protozoa of either acquired 
tolerance or immunity as distinguished from the survival of 
tolerant strains that have originated in the mass independ- 
ently of environmental influences. 

In an attempt to demonstrate a true case of immunization in 
protozoa by growing the animals in cultures of toxin-produc- 
ing bacteria, one is never sure that the deleterious effects of 
all toxic agents other than the ‘toxin’ have been eliminated. 
A better method of demonstrating a case of immunization in 
protozoa would be to find some standardized and purified 
toxin that affects paramecia and to add it in measured 
amounts to non-toxic hay infusions in which the protozoa 
grow. In the present investigation this was attempted only 
in the case of diphtheria toxin which was found not to have 
any appreciable effect upon paramecia. 

The present study shows that paramecia may be grown in 
pure cultures of B. pyocyaneus. Even though it may be un- 
wise to use any pathogenic bacillus extensively, the evidence 
here presented shows that paramecia may be grown in pure 
cultures of at least one species of bacteria. It is reasonable 
to hope that further investigation will reveal other species of 
bacteria, some of which may be non-pathogenic, that will be 
as serviceable in this respect as B. pyocyaneus. 
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SUMMARY 

1. Cultures of Bacillus pyocyaneus are toxic under certain 
conditions to Paramecium anrelia, P. calldnsi, and P. cauda- 
tum, but pure-line cultures of these three species of para- 
mecia may acquire a tolerance for this toxic agent. 

2. Paces of paramecia may be grown for long periods of 
time in pure cultures of B. pyocyaneus. 

3. The data presented indicate that the toxic agent in cul- 
tures of B. pyocyaneus that is lethal to paramecia is prob- 
ably the soluble toxin known to be produced by this bacillus. 

4. Hydrocyanic acid was found in measurable quantities in 
hay-infusion cultures of B. pyocyaneus, but not in sufficient 
quantities to be injuiious to paramecia. 

5. Hay-infusion cultures of Bacillus enteritidis were lethal 
to paramecia. All attempts to develop tolerance in paramecia 
for the toxic agent in these cultures failed. 

6. Under the experimental conditions that prevailed, diph- 
theria toxin had no appreciable effect upon the division rate 
or death rate of three species of paramecia. 

7. The reliability of the method of washing paramecia until 
bacteria-free and of establishing and growing races of them 
in pure cultures of bacteria is discussed. 
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author’s abstract 

The spermatogenesis of five guinea-pigs was studied. The spermatogonial chromosome 
number is approximately sixty-two plus or minus two. The primary spermatocyte number 
is approximately thirty-one. The spermatogonial number in the early prophase is lower than 
it is in later stages. This condition is due to late fragmentation of the large chromosome^ 
found in the earlier stage. A possible sex chromosome of the X-Y type may be identified. 
Its components segregate during the first maturation division. 

The present investigation is the third of a series of studies 
being carried, on at this laboratory dealing with the chromo- 
somes of the common rodents. The practical genetical ap- 
plication of these studies and the broader theoretical aspects 
have been discussed by Painter ( ’26) in the first of this series 
of papers. The guinea-pig differs from the other rodents so 
far investigated in its very high chromosome number. If my 
observations have been correctly interpreted, this high num- 
ber is, however, a late phylogenetic acquisition arid is brought 
about by a fragmentation of larger chromosomes, as will be 
shown below.^ 

The first extensive work dealing with the chromosomes of 
guinea-pigs was that of Stevens (’ll), in which she gave the 
diploid number as approximately fifty-six and the sex chro- 
mosomes as of the X-Y type. Eecently, Harmon and Root 
( ’26) have described the diploid number as thirty-eight, but 
agree that the sex chromosomes are of the X-Y type. 

^ Contribution no. 208 from the Department of Zoology, University of Texas. 
The writer has been aided in this work by grants from the Committee for Eesearch 
on Sex Problems of the National Eesearch Council. The work has been done 
under the direction of Prof. T. S. Painter. 

^ The essential results of the present paper were given in a brief note (by 
Painter). Science, vol. 64, p. 336, 1926. 
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MATEEIAL AND TECHNIQUE 

Five mature male guinea-pigs were used for this study. 
After the animals were stunned by a blow on the head, the 
testes were removed, cut into small pieces, and the tubules 
teased apart very quickly and fixed in Allen’s modification 
of Bonin’s fluid. The tissue was subsequently treated ac- 
cording to the technique outlined by Painter (’24). Sections 
cut at 8 ij were found to be most satisfactory. Divisions of 
all orders were numerous in the testes of adult guinea-pigs. 

SPERMATOGONIA 

Six equatorial plate views of dividing spermatogonial cells 
are given (figs. 1 to 6). The chromosome counts in these 
cells vary slightly, the number identified being sixty-two (figs. 
3 and 6), sixty-three (fig. 4), and sixty-four (figs. 1, 2, and 5). 
A number of other spermatogonial plates were counted, giv- 
ing essentially the same results as in the accompanying 
figures. In no case was the number found to be less than 
sixty or greater than sixty-four. 

There are few spermatogonial chromosomes of striking 
form or size. Two chromosomes, labeled a in the drawings 
are sometimes conspicuous because of their great size. Un- 
doubtedly, they are the large chromosomes identified by Miss 
Stevens. The remaining elements are much smaller and 
range in shape from bent rods to somewhat oblong blocks. 
The presence of such a large number of small elements makes 
counting difiicult and may account in part for the apparent 
variation in numbers observed. 

In late prophases of dhdding spermatogonia a very inter- 
esting condition is encountered (figs. 7 and 9). (For the sake 
of clearness some of the chromosomes in these cells have 
been omitted in the figures.) The chromosome number at this 
time is clearly lower than in the equatorial plate stage. 
Although the exact number has not been determined, due to 
confusion with regard to the interpretation of transition 
stages in chromosomes, it is approximately forty. A close 
study of individual chromosomes reveals one or more cross 
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constrictions in many of the elements (figs. 7 and 9). Later, 
these constrictions break through, but the fragments are held 
together by chromatic strands and give somewhat the ap- 
pearance of a string of sausages. In figure 7d and figure 9e 
this process is especially clearly shown. Subsequently, these 
chromosome segments apparently separate entirely, for there 
is no visible connection between the elements in later stages 
and little or no suggestion of the arrangement found in 
prophases. By the equatorial plate stage, the number is 
clearly over sixty. 


PRIMARY SPERMATOCYTES 

During the early growth period an acidophilic element and 
a chromosome nucleolus are associated together (figs. 22, 23), 
but, as in the case of the mouse (Grutherz, ’22; Cox, ’26), these 
components separate later, the acidophilic body disappear- 
ing and the chromosome nucleolus persisting and entering the 
first maturation spindle. 

In equatorial plate views the elements are well separated 
(figs. 10 to 13 and 16). Counts made at this time show that 
at least thirty separate elements are present (figs. 11, 12, and 
16), and in the clearest cells thirty-one elements are found 
(figs. 10 and 13). The latter number is regarded as probably 
the correct reduced number. 

First maturation spindles viewed from the side are inter- 
esting for, frequently, one can easily make an approximate 
count of the haploid number of elements. In figure 14, for 
example, at least twenty-nine elements can be recognized. 
(This figure and the one following are ‘spindle dissections’ 
in which the individual elements are separated.) A number 
of similar counts have made it certain that the elements seen 
in the equatorial plate view have been correctly interpreted. 
One tetrad, decidedly larger than the rest of the chromosomes 
(labeled a in figs. 12 and 16), has obviously been derived from 
the pair of large spermatogonial chromosomes, as Stevens, 
and Harmon and Boot have shovm. Frequently, in telophase 
stages of this division, one large element lags behind in the 
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spindles, and then aa division occurs it apparently breaks up 
into segments, suggesting that we are dealing with a com- 
pound chromosome (figs. 18, 19). This condition may be inter- 
preted as an explanation of the apparent discrepancy between 
the possible diploid number of. sixty-four and the haploid 
number of thirty-one. As in the case uf the spermatogonial 
elements, most of the tetrads are much alike in form' and size. 

It has not been possible to identify with ‘ any' degree of • 
certainty a sex chromosome in the earlier phases of the first 
maturation spindle, although here and there cells are found' 
in which one element is suggestive of an X-Y complex. In 
telophase stages it is not unusual to observe, lagging in the 
spindle, two bodies, one of which is large and the other small 
(figs. 17, 20, 21, and 24). Both Stevens, and Harmon and 
Root have observed this structure and have identified it as 
being made up of a large X and a small Y component. Stevens 
describes the separation of these elements as coming either 
early or late. The figures indicate that the X and Y are 
segregated in this division just as in the case of other mam- 
mals (Painter, ’24). 

SEGONDAEY SPERMATOCYTE DIVISIONS 

Few secondary spermatocytes were found in the material 
studied, and these were not very favorable for counting. One 
or two counts were made in which not less than thirty ele- 
ments could be distinguished. 

DISCUSSION 

The present work has shown that the chromosome number 
in the guinea-pigs studied is very high and may be safely 
taken as sixty-two plus or minus two. ■ Sixty-two is the aver- 
age of the spermatogonial counts, which ranged from sixty 
to sixty-four, and thirty-one is the haploid number most fre- 
quently observed. It is not implied, of course, that there is 
really any variation in the chromosome number in the germ 
cells, but the small size of the cells, and the small size of many 
of the chromosomes with the attendant absence of distinctive 
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shapes, greatly increases the difficulty of counting and, con- 
sequently, . the liability to error. Considering the nature of 
the material, the writer is probably not justified in fixing the 
number within closer limits than sixty-two plus or minus two. 
These results are in general accord with the work of Miss 
Stevens, who reported approximately fifty-six as the diploid 
chromosome number. On the other hand, my results are in 
marked disagreement with the low number of thirty-eight 
reported recently by Harmon and Boot.'"’ 

The lower chromosome number of Harmon and Root may, 
perhaps, be accounted for in part through the use of a 
technique which has not entirely prevented the tendency for 
adjacent elements to coalesce. Experience at this laboratory 
has shown that the method used by them (cold Flemming) 
is not quite as favorable for mammalian chromosome study 
as the modified Bonin technique. Thus, in figure 6 of their 
work, which is a polar view of the first maturation division, 
they have counted nineteen elements, many of which are 
obviously compound in nature. Normally preserved mam- 
malian tetrads appear much as bivalent elements do in insect 
spermatogenesis and do not show the tendency to throw off 
buds, such as we see in figure 6 of Harmon and Root. In 
view of the counts made in the present study (figs. 10 to 13 
and 16) it seems probable that, in the material of Harmon 
and Root, some adjacent tetrads have fused together, form- 
ing compound masses which they have interpreted as one 
bivalent chromosome. As the writer interprets figure 6 of 
Harmon and Root, there are about thirty elements present, 
a number which is very close to the haploid count of the 
present work. 

The spermatogonial count of Harmon and Root, as shown 
in figure 2 of their paper, cannot be accounted for on the 
basis of inadequate preservation, but is due in large measure 
to another cause. The present work shows that in prophase 
stages of spermatogonia, the chromosome number is much 
lower than in fully formed spindles and that many of these 

’For review of earlier work see Harmon and Root (1. e.). 
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larger elements break up into smaller bodies (tigs. 7 and 9) 
before the equatorial plate stage. Figure 2 of Harmon and 
Boot is clearly a cell in which this breaking up of the chromo- 
somes has not yet taken place. Close observation of the indi- 
vidual elements reveals a number of constrictions in the 
chromosomes, indicating that this breaking, -up process was 
under way, and perhaps was masked by the technique em- 
ployed. It is possible that in the race of guinea-pigs employed 
by Harmon and Root the chromosomes do not break up in 
the spermatogonial metaphases, as they do in the Texas 
strain. 

All recent workers on spermatogenesis in guinea-pigs have 
observed in the first maturation division a lagging element 
apparently made up of a large and a small part. This struc- 
ture has been interpreted as an X-Y sex chromosome complex, 
and the probabilities are that this interpretation is correct. 
However, it should be realized that the evidence for this con- 
clusion is neither critical nor complete, but rests largely 
on the similarity of this element to the X-Y sex chromosomes 
of the other mammals and of the insects. 

The most interesting feature of the present work is the 
high chromosome number of the guinea-pig as compared to 
the other rodents and to mammals in general, and the method 
by means of which this high number is derived from a rela- 
tively simple condition. In all the other rodents studied in 
this laboratory (mouse, rat, rabbit, and squirrel^) the chromo- 
some number ranges from forty to forty-four. In view of 
the work on insects, especially that of McClung and his 
students on Orthoptera, we should expect that, within small 
groups such as the rodents, there would be a close similarity 
in the chromosomes, both as to number and morphology. If 
the interpretation given to my observations is correct, this 
conclusion is essentially true in the present case, the guinea- 
pig having originally possessed the typical rodent complex. 
This number later has broken up into the larger number of 
smaller more uniform elements. 

The results of the study of the squirrel are as yet unpublished. 
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From the standpoint of the geneticist, in view of the large 
number of tetrads, linkage gronps should be much rarer in 
the guinea-pig than in the other rodents. This conclusion 
is based upon the supposition that the change has been due 
solely to fragmentation of the chromosomes, and not to any 
important rearrangement within the elements themselves or 
to the acquisition of new elements. 

SUMMARY 

1. The spermatogonial number is approximately sixty-two 
plus or minus two. 

2. The primary spermatocyte number is approximately 
thirty-one. 

3. The spermatogonial number in the early prophase is 
lower than it is in later stages. This condition is due to late 
fragmentation of the large chromosomes found in the earlier 
stage. 

4. A possible sex chromosome of the X-Y type may be 
identified. Its components segregate during the first matura- 
tion division. 
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PLATE 1 

■ ■ explanation : OF PIGTJEES- 

Figures 1 to 6 represent spermatogonia! cells of the guinea-pig. 

1, 2, and o Equatorial plate stage, showing sixty-four chromosomes, 

3 Equatorial plate ■ stage, showing sixty-two chromosomes. 

4 Equatorial plate stage, showing sixty-three chromosomes. 

6 Prophase stage, showing sixty-two chromosomes. 

7 and 9 Parts of early prophase stages, showing fragmenting of chromosomes. 

8 Side view of a primary spermatocyte spindle with division of a possible 
X-Y tetrad. 

10 Late diakinesis with thirty-one tetrads. 

11 and 12 Polar views of equatorial plate stages of primary spermatocytes, 
showing thirty tetrads. 
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PLATE 1 




PLATE 2 

EXPLANATION OF FIGURES 

13 Late diakinesis stage, showing thirty-one tetrads. 

14 and 15 'Spindle dissections’ of side views of primary spermatocyte spindles. 

14a and 15a Large tetrad. 

16 Polar view of equatorial plate stage of primary spermatocyte, showing 
thirty tetrads. 

17, 20, 21, and 24 Side views of primary spermatocyte spindles with division 
of possible X-Y elements. 

18 and 19 Side views of primary spermatocyte spindles, showing the oetad 
dividing into four chromosomes. 

22 and 23 Growth stages, showing separation of acidophilic and basophilic 
elements in heterochromosomes. 
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THE BEEEDING SEASON OF THE OPOSSUM (DIDEL- 
PHIS VIROINIANA) AND THE RATE OF INTRA- 
UTERINE AND POSTNATAL DEVELOPMENT^ 

CARL G. HARTMAN 

Department of Embryology, Carnegie Institution of Washington, Baltimore, 

Maryland 


NINE CHARTS AND POUR HELIOTYPE PLATES 


author’s abstract 

The breeding season of the opossum at Austin, Texas, begins in January, following a 
three months’ anoestrous period. The modal point for ovulation days is , reached in the 
third weekj The rate of intra-uterine development was investigated Chiefly by surgical 
removal of one uterus, noting the stage attained by the ova therein and allowing the 
surviving uterus to incubate its ova a precalculated period of time. Unique charts epitomize 
the results. The primitive-streak stage is completed, the medullary groove and chorda begin 
at seven and one-half days post coitum, seven days post ovulationem, leaving only five and 
one-half days' actual development of the embryo to birth. The rate of development is 
compared with Eutherian mammals. 

The curve of postnatal growth has the shape of fembryonic growth curve of higher 
mammals. The eyes and lips open at about fifty days (young the size of mice). At this 
time the young leave the teat for the first time, but are not w’eaned for about thirty days 
more. Soon after weaning, the mother may become pregnant again. At ninety to one 
hundred days (young size of large rats), the young may begin to shift for themselves. 


Since the study of the early development of the opossum 
was begun about 1913, protocols of over 800 females of D. 
virginiana have accumulated. This number includes, of 
course, every animal that was received, whether it contri- 
buted data of value or not. The animals were collected for 
other than biometrical purposes; hence the percentage of 
cases furnishing usable data of a statistical nature for the 
present paper is proportionately small. Nevertheless, a 

^ The work on the opossum was begun at the suggestion of Dr. J. T. Patterson, 
Professor of Zoology, the University of Texas, about 1913. It was prosecuted 
intensively through the generous financial aid and moral support of The Wistar 
Institute, Dr. M. J. Greenman, Director, and with the assistance of Dr. C. H. 
Heuser, then fellow of The Wistar Institute. It is to the skill of Doctor Heuser 
that most of the photographs presented in the four plates accompanying this 
article and former papers of this series are due. Some of the photographs were 
taken from fresh living material in January and February of 1917 at Austin, 
Texas. The embryological investigations soon gave way in large measure to 
physiological studies in which the following generously aided: Mr. H. A. Wroe, 
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survey of tlie protocols yielded a sufficient amount of material 
to make its collation and publication seem desirable. These 
data, together with the writer’s previous studies on the 
oestrous cycle of the opossum, should enable the embryologist 
and the physiologist to proceed in the collection and classi- 
fication of material without the loss of time involved in 
pioneering. 

This conclusion as to the extent of the data to be presented 
seems all the more justified when one considers the disap- 
pointing dearth of similar data concerning other mammals, 
even the laboratory rodents and the domestic animals that 
have been so much used for embryological studies. Thus, 
for example, of very few species do we know the stage at- 
tained at any given number of hours or days with any cer- 
tainty. They can be counted on the tingers of one hand: 
mouse, rat, rabbit, guinea-pig, and domestic pig ; and the data 
even in these forms are far from satisfactory. The opossum 
is, furthermore, the first wild form in which any considerable 
information as to its reproductive processes has been worked 
out. That it is also a marsupial, America’s only pouched ani- 
mal, lends further interest to the material under discussion. 

The breeding season will be outlined in part I; part II 
will be devoted to the main topic, the intra-uterine develop- 
ment ; part III of the postnatal growth. 

I. THE BREEDING SEASON 

In 1923, I outlined the breeding season of the opossum in 
the following words : 

The breeding season of the Virginia opossum begins in January 
at Austin, Texas, and probably several weeks later in the North. 


banker, and Mr. Herman Becker, merchant, Austin, Texas,- the University of 
Texas, Department of Zoology; The Bache Bund of the National Academy of- 
Science. I take this opportunity of reiterating my indebtedness to these sources 
of the necessary nervus rerum to carry on the work and for the spirit of helpful- 
ness in which the grants were made. The Wistar Institute is the repository of 
most of the material collected and will supervise its study in the future. The 
present writer can promise only two more installments of these ' studies ’ : one on 
the origin of the mesoderm and the chorda dorsalis, the other on pathological ova 
of the primitive-streak stage and earlier. 
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A few individuals may come into heat in the first week of the year, 
but more enter this condition in the second week. In the third week 
the season is at its height ; hence the embryologist desirous of securing 
eggs and embryos would best time his collection during the last 
week in January and the first week in February. The prevailing 
weather seems to have no effect on the onset of the breeding season. 

By the middle of February most females captured have young in 
the pouch. But late in the spring and the summer there is great 
irregularity in the condition of the females, so that one may capture 
females with small young in the pouch any time between May and 
September. Many reasons may be advanced for this variability ; 
accidents to the mother resulting in the early loss of the young; 
variability in weaning age ; condition of the female, the robust repro- 
ducing faster than the weak; age of animals, the very youngest 
‘yearlings’ and the oldest multiparae being the latest to come into 
heat (p. 352). 

After studying the available data more intensively, I find 
these statements need but slight correction. They may now 
be amplified by further analysis of the old and additional 
details ascertained since 1923. 

The progress of the breeding season for the first half of 
the year may be visualized from text figure A, in which the 
litters of pouch young are represented by black dots or discs, 
graduated in size roughly according to the size of the pouch 
young. Thus the largest circles represent pouch young about 
ready to leave the mother; the next size are weaned young 
still under the care of the mother ; the third size are sucklings, 
but detached from the teats, and so on, to the smallest dots 
which represent young a week or less old. The absolute 
number of litters has no meaning, except for the early part 
of the year, since collection of animals by purchase was most 
brisk in January, February, and March, slackened greatly in 
April, and was accidental and sporadic after that. Only two 
years were any observations made in the summer, for vaca- 
tion usually put an end to the field work until late in the fall. 

An effort was made, by searching through the records of 
the United States Biological Survey, to determine the begin- 
ning of the breeding season in States farther North. In 
spite of the numerous records on file, an insufficient number 
of usable cases was found upon which to base safe deductions. 
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I leave this to future workers. The reason that most of the 
records are not useful for the present purpose is that the 
size of the pouch young is seldom indicated. 

The opossum has no true hibernating season, but certainly 
an anoestrous period in the early winter. No pouch young, 
large or small, were ever taken in October, November, or 
December. In one case, ripe follicles were encountered in 
December (female no. 16, 455 mm., December 6, 1915). In 
one case, pouch young were born in the first week of January ; 
in three cases, in the second week (text fig. B), hence these 
four exceptions constitute the only approaches to ovulation 
in December. All other females captured in October, Novem- 



Text fig. A Chart to illustrate the progress of the breeding season. Each 
dot or disc represents a litter of pouch young, the size of the dot roughly cor- 
responding to the size of the young (see text). Squares represent individual 
animals, with weight in grams (appendix D), 

ber, and December were in the ^resting’ condition absolutely, 
and usually no trace of a corpus luteum was to be found in 
the ovaries. Most females are in anoestrum in the first week 
of January also (text fig. B), hence the anoestrous period 
must be at least three months in length. It is of importance 
to note this point in endeavoring to determine whether the 
opossum bears two or three litters in a year. 

The male seems to possess spermatozoa during the entire 
year. Painter ('22), however, found many spermatogonial, 
but few maturation divisions at the end of the calendar year 
and more maturation divisions in January. It would be inter- 
esting to learn more concerning the reproductive habits of 
the male opossum. It is quite probable that the male is capa- 
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ble of fertile coitus even tliough. active spermatogenesis be 
in abeyance over several months, for the spermatozoa would 
remain viable in the epididymis over this period. Thus in 
bats the germinal epithelium of the testes undergoes atrophy 
during hibernation ; however, in some bats, the epididymis is 
also involved in the general atrophy and is devoid of sperms 
(Nyctinomus mexicanus) ; in others the epidid^^mis carries 
motile sperms all winter (Myotis sp.). There doubtless is 



123.<t5 123456 1234 1234 WEEK 123456 123456 7 WEEK 

Text fig. B Ovulation dates and birth dates plotted according to the week fol- 
lowing January 1 of the calendar year for certain years, and totals for all years. 


every gradation among mammals from almost complete 
anoestrous atrophy of the testes and accessory sex glands 
to continuous and unvaried sexual potency, as in primates. 

The problem of determining the opening of the breeding 
season in January may be approached in another way. Since 
oestrus and ovulation constitute the obvious signs of sexual 
activity, this date was determined in as many cases as pos- 
sible. More could have been added with an approximation 
to the truth by estimating the dates with the aid of text 
figures C and D on the rate of development. But this- was 
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Text flig. 0 Chart 1, to show rate of development from one stage to another, hoth stages taken from the same female, 
the intervening intervals of time controlled to the minute. (For details see text, part II.) The numbers are the protocol 
numbers of the animals furnishing the eggs and embryos. 
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avoided for the reason that the results were to be used, if 
possible, to check the correctness of this chart itself. For it 
seemed reasonable that if a set of birth dates, based on an 
entirely different lot of material, could be prepared in addi- 
tion to ovulation dates, then by calculation of the mean and 
the standard deviation in each of the distributions, the period 
of gestation (ovulation to birth) might be deduced by dif- 



Text fig. D Chart 2. Similar to text figure C, shorter intervals' involved. The 
scale is double that of text figure C, hence cannot be imposed upon the latter. The 
interested reader could photograph this figure X % and fit the photograph into 
its place in text figure C. 

ference of the means, and the significance of this difference 
might be judged in the light of the variation of the distri- 
butions (v.i.). These two sets of data were prepared, 110 
dates of birth and 203 of ovulation (table 1). They are 
grouped by weeks of the year. For the ovulation dates only 
those eases are used in which actual observation determined 
the date absolutely and those which fell, by calculation, near 
the middle of the week ; the border-line cases were discarded. 
It is thought that in this way the warping of the data by 
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preconceived ideas on rate of development would be entirely 
avoided. The dates of birth were either determined by actual 
observation (some twenty cases), the remainder by the aid 
of the graphs of growth rate shown in text figures E and P, 


TABLE 1 

Ovulation and iirtli dates, hy years and for the first six weeTcs of each year 
{compare yraphs in text fig. B) 




JAK. 1-7 

8-14 

15-21 

22-28 

29-eeb. 4 

5-11 

12-18 


•STEAE, 

WEEK 

1 

2 

3 

4 

5 

6 

7 

TOTAL 


Ovulations 



1 





1 

1914 

Births 








0 


Ovulations 

1 

8 

3 

3 

5 

1 

0 

21 

1915 

Births 




! 1 

1 i 




0 

1916 

Ovulations 

1 

4 

13 

5 j 

4 

0 

0 

27 

Births 

0 

' 1 

1 

0 

4 

2 

4 

12 

1917 

Ovulations 

6 

17 

25 

32 

3 

0 

0 

84 

Births 

0 

1 

0 

7 

4 

3 

1 

16 


Ovulations 

1 







1 

1920 

Births 




8 

1 

3 

5 

1 

17 

1921 

1 

Ovulations 

1 

4 

18 

19 




42 

Births 

0 

1 

4 

5 

7 

4 

2 

22 

1922 

Ovulations 

4 

4 

9 

5 




22 

Births 

0 

0 

8 

0 

3 



11 


Ovulations 




1 

1 

1 


3 

1924 

Births 








0 


Ovulations 





1 

1 


2 

1925 

Births 








0 

Totals 

Ovulations 

14 

37 

70 

65 

14 

3 

0 

203 

Births 

1 

3 

23 

33 

24 

19 

8 

111 


which are probably quite accurate. All of the figures are 
given in table 1. The figures for the years 1916, 1917, 1921, 
and 1922 are expressed in the form of graphs shown in text 
figure B, which also contains graphs for all of the data for 
all years — one for the ovulation dates, one for the birth dates. 
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An inspection of the graphs shows that the third week of 
the year has the advantage in number of ovulations, though 
the fourth week is not far behind. After the fourth week, 
nearly all females brought in from the field may be expected 
to be pregnant or to carry pouch young. To secure the 
optimum results, the embryologist, desirous of securing early 
stages, should begin collecting not later than the end of the 
second week of the calendar year. 

Eeduced to figures, the means, or, mechanically speaking, 
the centers of gravity, of the four annual charts shown in 
text figure B, as calculated for me by Dr. H. L. Dunn, are as 
follows : 

1916, 26.31.5 ± 0.912 days 

1917, 25.259 ± 0.521 days 

1921, 26.667 zh 0.539 days 

1922, 21.636 zt 1.162 days 

The figures argue for variations from year to year. Thus 
1922 appears to be about five days earlier than the other 
three. I could find no conditions of temperature or rainfall 
from the weather reports of the preceding years to account 
for the early opening of the breeding season in 1922. On the 
other hand, 1925 was very late. In that year not one case of 
ovulation was encountered in the first two weeks, although a 
sufficient number of animals was on hand to make the ob- 
servations significant. The peak came in the fifth week. Now, 
in central Texas, this collecting season was preceded by a 
severe drought which, acting through the lack of food, may 
have caused the delay in the accumulation of the sexual 
hormones at that season. 

NUMBEE OF LITTEES A YEAE 

Barton ( ’23) and Meigs ( ’47) were both of the opinion that 
the opossum brought forth two litters a year, the first in 
January and the second in May. Audubon and Bachmann 
(’51) considered March, May, and July to be the dates for 
the three litters in the latitude of South Carolina. The latter, 
however, suggest (p. 124) that the July brood does not repro- 
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duce until the following May. But since these authors seem 
to be wrong about all of their calculations on the develop- 
ment of the opossum (v.i.), I should place no reliance upon 
their opinion on the breeding season. 

There can be no doubt that there are at least two litters 
a year, for there are enough records to show that when one 
litter is reared another gestation follows (text fig. A). Hence 
it might at first be thought a matter of simple arithmetic; 
for if it takes three months to rear one brood (v.i.), three 
can.be reared in nine months, leaving three months for the 
anoestrum. It is probable, however, that this is possible only 
to a few unusually vigorous or fecund individuals. If the 
time of the first oestrus of the year is variable (text fig. B), 
the time of the second must be much more so, since it depends 
upon a great many more factors : length of gestation, length 
of lactation, ovulation, and other physiological processes in- 
volved in reproduction in which there is great variability from 
one female to another. Hence, if one knew the facts and could 
construct ovulation charts for the early summer after the 
manner of text figure B, the curve would probably spread 
out over many weeks. Text figure A, meager as it is for 
May and June, seems to point in this direction. 

An attempt was made to approach the problem statistically. 
In the lower portion of text figure F (v.i.) the weights of 192 
females are plotted according to the nearest hundred grams 
weight. It is seen that there is a group of eleven females 
between 500 and 800 grams in weight; to these we may add 
the four cases around 900 grams. These fifteen females seem 
to be in a class rather sharply differentiated from the others. 
I suggest that these represent the August or September 
litters, the few third litters of the year. The details con- 
cerning these are given in appendix D. Nine of these cases 
are inserted as squares in text figure A. The 290-gram and 
the 373-gram females of June and the 600-gram female of 
July are either dwarfs, which is not probable, or exceptional 
late conceptions of the preceding year. To the same category 
belongs the litter of ‘‘two opossum young as large as small 
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kittens” which Meigs found in February, 1845, presumably 
in the neighborhood of Philadelphia. On the other hand, 
numerous references of opossum young ‘half grown’ in the 
records of the Biological Survey range, so far as I have seen, 
from May to October, as is to be expected on the basis that 
breeding takes place only in the first half of the year. . 

SUMMARY 

The breeding season begins at Austin, Texas, with the 
calendar year following a three months ’ anoestrum, or period 
of reproductive rest, in October, November, and December. 
There is a slight variation from year to year, though for 
practical purposes, as, for example, for collecting embryos, 
the variation is unimportant and the information contained 
in text figure B is probably a sufficient guide. 

There are at least two litters of opossum young a year in 
the Southern States. There is no unequivocal evidence of a 
third, but it seems probable that a third litter is produced 
by a small percentage of unusually fecund females. The 
opossum should be bred in captivity and individuals observed 
over a period of years. Such observations would not only 
fill the gaps left in our knowledge of the breeding season, but 
also complete my growth curve (v.i.), determine the age of 
puberty and settle other points which the two following sec- 
tions still leave open. 

II. THE INTRA-UTERINE DEVELOPMENT 

The effort is made in this section to determine time relation 
as accurately as possible, so that a given stage may be secured 
by future workers with a reasonable degree of certainty. 
The chief method employed is that used by Bischoff on the 
rabbit (’42) and, more especially, on the dog (’45), and since 
then only by Selenka (’87) and myself. The method consists 
of removing successively two stages from the same animal, 
the interval between the two operations being controlled to 
the minute. 
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In the present work, the favorable animal was selected by 
mammary palpation, the left nterns was removed by aseptic 
surgery, and the stage of its contained ova noted. The animal 
was then allowed to live such a period of time as seemed 
necessary, from previous experience, to secure the desired 
stage from the surviving uterus, which thus served as 
Nature’s own incubator for the contained ova. Since the ova 
of both uteri are always in the same stage of advancement, 
ovulation being simultaneous from both ovaries, the rate of 
development may be accurately gauged. That the operation 
has no deleterious effect upon the remaining ova, I have 
set forth in 1919 and determined by numerous experiments 
since. 

The results of our studies upon the rate of intra-uterine 
development of the opossum are epitomized in text figures C 
and D. Text figure C gives the longer intervals between 
copulation and a given stage, or between two stages recovered 
from the same animal after the manner above described. This 
chart is supplemented by text figure D, which covers the cases 
in which only a few hours were allowed to intervene between 
the removal of the left and the right uterus. The sketches by 
which the stages are to be identified, though semidiagram- 
matic, were made by Mr. James Didusch from life or from 
photographs. They are faithfully drawn by him and should 
offer the reader an easy and reliable method of identifying 
the stages in question. Four plates of twenty-nine figures 
in heliotype contain typical stages for the further orientation 
of the reader. The arrows of the chart indicate the exact 
end points of the intervals that is, the sketches are placed 
immediately to the right of the arrow point or the time 
when the second specimen was taken. The exceptions are 
lines 1 and 2 of text figure C where the figures of the newly 
born pouch young were drawn to the left of the arrow points 
so as to retain the sketches within the limits of the chart. 

The sketches require some further words of explanation. 
As is well known, the ovum proper or ‘vitellus’ of the opos- 
sum is surrounded by a thick layer of albumen, so-called, and 
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a thin, tough shell membrane (Hartman, ’19). The individual 
ovum would therefore be represented by a dot in the center 
of a ring,- the two-celled stage, by two dots, etc. When more 
than four blastomeres are present, it was found impracticable 
to show them by dots ; hence the actual number is indicated 
by inserting the number itself. Wlien the number of blasto- 
meres has reached thirty-two, they are arranged in the form 
of a hollow sphere without evident polarity; here the vitellus 
is represented as a small circle in the center of the shell 
membrane, as, e.g., nos. 314 and 173 shown in the three-day 
column. Soon polarity begins to manifest itself by a thicken- 
ing of the embryonic pole and a thinning out of the tropho- 
blastic region (e.g., fig. 1), while the vesicle slowly grows in 
diameter at the expense of the albumen (nos. 344 to 931). 
The vesicle gradually encroaches upon the albumen by digest- 
ing and utilizing it, and this process occurs faster at the 
embryonic pole; hence there is left a shrinking crescent at 
the lower pole of the egg, the disappearance of the albumen 
being proportionate to the differentiation and to some extent 
the growth of the egg as a whole (Hartman, T9, pi. 13). At 
about the time the mesoderm begins to proliferate, the vesicle 
now having attained the diameter of 1.5 mm., the albumen has 
all but disappeared (no. 353, Hartman, ’19, fig. 22, pi. 13). Up 
to this period the egg is represented as in a vertical section ; 
from then on the surface view is shown as seen by transmitted 
light. The primitive streak, Hensen’s node, medullary 
groove, outline of embryonic area, are shown by continuous 
lines, the spread of the mesoderm by stippling. Progressively 
larger circles indicate the growth of the ovum in diameter, 
but not in exact proportion to such growth. For relative 
sizes the reader is referred to the heliotype plates and the 
protocols (Appendix A). For lack of space, too, embryos 
only, without the chorionic vesicle, have been drawn from 
the later somite stages on (about eight days). The later 
embryos are represented in side view as contrasted with 
the dorsal view of the earlier embryos. The degree of de- 
velopment must be read off in certain landmarks, such as the 
head, heart, limbs, mouth, eye, ear, and the general form. 
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SELENKA’S AND HILL’S DATA 

Tlie studies of Selenka comprise the only pertinent data 
in connection with the present paper, if one except certain 
few findings of Hill ( ’10) on Hasyurus, the Australian ‘native 
cat.’ It is important to study Selenka ’s material, for with 
the proper correction his data are useful in checking my own. 
He secured a hundred Virginia opossums and had them sent 
to his laboratory in Germany. The animals yielded some 
excellent stages well described and illustrated by masterly 
drawings which are clear and unmistakable. He or his helper 
witnessed a number of copulations, hence he is able to give 
the copulation age of a number of specimens, though he fails 
to give the exact protocols. On the basis of copulation age, 
Selenka ’s data fit in well with my own, and I have incor- 
porated them in line 2, text figure C. The copulation age is 
derived by adding five days to the age stated by Selenka. 
Thus his ‘8-hour’ stage is actually five days eight hours! 

The reason for this is as follows : 

Selenka estimated the time of the beginning of cleavage as 
exactly ‘5 times 24 hours’; and this estimate is based on a 
single batch of eggs which he mistakenly considered normal 
cleavage stages. I have previously shown this batch of eggs 
to be made up of fragmenting ova or unfragmented but de- 
generating ova, as in the case of his figure 1, Tafel XVIL 
All of the eggs are in such a condition as one expects to find 
about five days after ovulation (compare Smith, ’23). One 
of the same batch of eggs had arrived at the ‘20-celled’ stage, 
and Selenka thought this normal also, although he states that 
ova are always in the same stage of development in a given 
female, in which contention he is substantially correct. 
Curiously, nine of the eleven eggs of this batch were still in 
the tube and several are reported as having spermatozoa in 
the perivitelline space. This batch of eggs is consequently 
hard to interpret, for usually the opossum’s ova reach the 
uterus in the unsegmented condition. A second batch of 
eggs exhibited the same wide range of variation as the first, 
which did not seem to perturb the author in the least. None 
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of them appears to be quite normal ; the one shown by him in 
his figures 1 and 2, Tafel XVIII, for example, has the ear- 
marks of degeneration in the shrunken condition of the 
vesicle and its thick wall — a conclusion reached on the basis 
of numerous similar eggs in. my possession. Selenka’s 
earliest normal egg is therefore one which he considers ten 
hours old! (his fig. 3, Tafel XVIII). If five days be added 
to the ten hours, the time would be about correct, since it 
accords very well with my own no. 194 and fits well into 
the text figures C and D. We now" know that ten hours is not 
too long an estimate for the performance of a single cleavage 
division, to say nothing of reaching the early bilaminar stage ! 
Similarly, if five days are added to all of Selenka’s estimates, 
the result is very nearly in accord with my own data, as 
may be seen by comparing Selenka’s data (line 2, text fig. C) 
with the remainder of the chart. The sketches of line 2 are 
faithful copies from Selenka’s own drawings. 

In his studies of three Australian marsupials ( ’91), Selenka 
apparently estimates the age of the bilaminar vesicle, the 
primitive-streak stage, and the 6-somite embryo on the basis 
of the opossum previously studied, although he does not 
specifically so state. These three stages were removed fifteen, 
thirteen, and fourteen days, respectively, postcoitum. Similar 
variations are recorded by Hill (’10) in -the case of ova 
removed from Dasyurus viverrinus. He states: “I obtained 
unsegmented ova from the uteri 4, 5, 6, 7, and 8 days after 
coitus, 2-celled eggs 6 and 7 days after, 4-celled eggs 11 and 
18 days after. In one case the young were born 8 days after 
the last observed act of coitus, in another, 16 days after and 
in yet another 20 days after” (footnote, p. 3). 

Now" these observations of Selenka and Hill lead Hill to 
state that in Dasyurus and apparently in other marsupials 
‘‘a very variable period intervenes between coitus and ovula- 
tion,” and that, as a consequence ‘‘the obtaining of any de- 
sired cleavage or early blastocyst stage is largely a matter 
of chance.” Since the postovulatory interval, for which Hill 
and O’Donoghue (’13) coined the term ‘postoestrum,’ con- 
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stitutes an important element in the problem of the rate of 
development in mammals, it demands more detailed discus- 
sion. 

THE POSTOESTROUS PERIOD 

From the above-mentioned observations of Selenka and of 
Hill a long postoestrous period would seem to be character- 
istic of marsupials in general, as distinguished from the con- 
dition in the Eutheria. On this point Marshall (’22) says: 
“In the mouse, the rat and the guinea pig ovulation occurs 
spontaneously during Oieat,’ and generally, if not invariably, 
during oestrus” (p. 130). The same is said to be true of the 
dog and the ferret. Indeed, Marshall generalizes (l.c., p. 131) 
as follows: “There can be little doubt that in the great 
majority’’ of mammals ovulation, as a general rule, occurs 
regularly during oestrus”; and he cites the bat as an out- 
standing exception. For in the bat it is now tacitly and gen- 
erally accepted that mating takes place in the fall and con- 
ception in the spring. This tradition has recently been called 
in question (Hartman and Cuyler, ’27), although we shall not 
allow a discussion of the merits of this matter to detain us 
here. Marshall’s generalization, quoted above, needs revision 
for the sake of exactness, for the fact is that ovulation does 
not always occur during oestrus, but often follows oestrus 
and copulation. In other words, there is often a postoestrum 
in the Eutheria, albeit a short one. That this period is also 
a short one in at least one marsupial is made probable, if 
not established by more recent data on the opossum (Hart- 
man, ’24), as will be shown below. 

That the data on marsupials are still insufficient for a 
final disposition of the problem is not surprising, in view of 
the fact that the relation of heat, copulation, and ovulation 
both as to time and physiological cause in any mammal except 
perhaps the rabbit is very unsatisfactorily known. Pertinent 
facts of this kind are hard to gather from the literature for 
any mammal, even the common laboratory mammals. For the 
rat and the mouse the matter is not answered, despite the 
attention that has been devoted to the embryology and physi- 
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ology of reproduction of these common laboratory rodents. 
An inspection of table 2 , page 31, of Long and Evans’ mono- 
graphic study of the rat (’22) leads one to assume a delay 
of ovulation after oestrus, for this period is mostly past 
before the ova are very far down the oviduct. In the rabbit 
it has been known since Coste’s beautiful work (’49) that 
ovulation occurs, without a great deal of variation, ten hours 
after coitus, and approximately the same thing is true for 
the guinea-pig (Loeb, ’06). However, these two species differ 
from each other in' that the former has no well-defined 
oestrous period, but will accept the male and ovulate over 
wide periods of time. In the cat (Longley, ’ll) and the ferret 
(Robinson, ’18), as in the rabbit, ovulation usually depends 
upon copulation and occurs a variable number of hours, usu- 
ally many hours, later. In the case of the ferret, Marshall 
states that ovulation occurs during oestrus. The statements 
of Marshall and Robinson with reference to the ferret are, 
however, not mutually exclusive, for a female may clearly 
be in heat and copulate successively over considerable inter- 
vals, both before and after ovulation. Whether copulation 
and fertilization shorten the heat period or not is not known 
definitely for any mammal. In the cow there seems to be no 
such influence, according to Kiipfer (’20) and Hammond 
( ’27 ) ; in the rabbit a positive answer seems to be necessary 
and Loeb (’ll) states the same for the guinea-pig. In both 
Dasyurus (Hill) and the opossum the mated female will soon 
fight off the male, which might indicate that copulation cuts 
short the oestrous period. 

It is thus seen that the correlation of events surrounding 
the ovulation period needs further experimental study. The 
common procedure of workers in this field is to mate their 
animals at convenient hours of the day, regardless of whether 
the animals are at the beginning or the end of heat. This 
must be a source of considerable error. There is no other 
way than continuous observation night and day, so that both 
the first and the last signs of oestrus may be taken into ac- 
count. Results of intensive experiment along these lines 
should yield useful results (v.s.). 
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Further data on the time of ovulation is given hy Keller 
(’09) in the case of the dog, in which ovulation occurs in the 
latter part of oestrus ; in my opinion, however, evidence pre- 
sented in the paper is far from conclusive. Better evidence 
is presented hy Corner ( ’22) that the sow ovulates regularly 
toward the end of oestrus. But in the cow, contrary to the 
opinion of Krupski (’17), whose observations were made on 
slaughter-house material and who places ovulation at the 
end of oestrus, both Murphy (’26) and McNutt (’26) note a 
delay of one or two days after the end of heat before ovula- 
tion takes place. Ktipf er ( ’20) does not insist on a constant 
relation between heat and ovulation. The observations of 
Murphy and McNutt may be regarded as reliable because 
these workers noted the exact time of rupture of the follicle 
by their technique of daily palpation of the ovary through the 
wall of the rectum. 

These few citations illustrate the paucity of reliable in- 
formation on the presence or absence of a postoestrous period 
and the length of the period where it occurs. There doubt- 
less is much variation from species to species and among 
individuals of a given species, but as yet there are no data 
upon which to calculate probabilities. What is clear, how- 
ever, is that the method of dating embryos by copulation age 
is highly unsatisfactory, since this involves at least two 
variables, length of oestrus and of postoestrum, which in 
different cases may be added together or subtracted, which 
increases the confusion. It is, furthermore, apparent that 
there is no real reason for considering marsupials funda- 
mentally ditferent from the higher mammals with regard to 
the physiological events centering about the process of ovula- 
tion. 

With the reservations suggested by the foregoing discus- 
sion, the data of Selenka, Hill, and myself must be evaluated. 
An inspection of text figure C discloses some very consider- 
able discrepancies. Thus, for example, no. 314 and no. 298 
yielded identical stages three and one-half and six days, re- 
spectively, postcoitum. Nos. 838 and 343 also show less 
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development than is to be expected on the basis of averages 
deduced from a study of the chart as a whole. No. 314, rather 
than no. 298, seems to represent the more nearly normal case 
and agrees well with Selenka’s data as reviewed above. 

It remains for us now to mention the few cases in the opos- 
sum that tend to show that ovulation stands in closer rela- 
tion to the oestrous period than I at first thought, on the basis 
of Selenka’s as well as some of my own earlier observations 
(Hartman, ’16). The five cases are set down in the lower 
part of columns 1 and 2 (first and second days, text fig. C). 
These cases have been considered previously (Hartman, ’23) 
in connection with the viability of the opossum ovum after 
its discharge. 

Female no. 566 was laparotomized at 5.00 p.m. January 12, 1921, 
and a suspension of Ascaris eggs placed under the fimbriae. Ovula- 
tion had just taken place, for not only did the fresh hemorrhages 
of the discharged follicles indicate this, but (which is a better proof 
still), there was later found an opossum ovum which had entangled 
in the meshes of its albumen one of the Ascaris eggs previously 
placed near the abdominal orifice of the fallopian tube. In twenty- 
four hours the ova had reached the uterus and were somewhat de- 
generated ; and sixteen hours later palpably more so. 

No. 521. This female had ripe, bulging follicles in the ovaries on 
J anuary 21, 1922, when a laparotomy was performed ; forty-two hours 
later, eggs considerably degenerated were found in the uteri. 

No. 837. This female was seen to copulate at 4.00 a.m., January 23, 
1923 ; at 3.00 p.m. the next day, seventeen eggs, much affected by 
degenerative, changes, were removed from the left uterus and three 
eggs from the tube. In this case it is highly probable that copulation 
had taken place too late for fertilization. 

No. 762. January 25, 1923, oestrus wms indicated by a suspension 
of cornified cells in the vaginal smear. Copulation was not observed, 
however. The next day the cornified cells appeared in clumps, indi- 
cating that oestrus was past. The animal was then killed. The eggs 
removed from the uteri had the vitellus somewhat flattened, showing 
that degeneration had begun. 

No. 798. January 25, 1923, the vaginal examination indicated that 
the animal was in oestrus. Killed the next day; eggs in beginning 
degeneration not much different from those of the preceding. 
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Prom these cases the deduction would seem justifiable that 
in the opossum ovulation is pretty well hound to oestrus, 
though not necessarily synchronous with it. 

LENGTH OF GESTATION 

Hill records parturition in Dasyurus 8, 16, and 20 days 
after the last observed act of copulation; Selenka, 13 days 
less 4 hours in the opossum. Michel (’50) observed copula- 
tion January 28, 1847, and 18 days later the birth. My own 
ease of 13 days (exact hours not recorded) agrees with that 
of Selenka. This author, however, for reasons detailed above, 
places the actual gestation at 7% days. I am now convinced 
that 12^/4 days marks very nearly the actual gestation not 
only because of the facts already stated with reference to 
the postoestrous period, but also from a study of text figures 
C and D as a whole, that is, after taking into consideration 
all of the facts there presented on the rate of development. 
These seem to me to be sufficiently numerous to justify the 
conclusion that at least 13 days is necessary for the develop- 
ment of the embryo from copulation to birth. No embryologi- 
cal facts known to me seemed to necessitate raising this esti- 
mate, and all the facts seemed to argue against lowering it. 

At the suggestion of Dr. H. L. Dunn, of the Department 
of Statistics, Johns Hopkins University, School of Hygiene, 
the effort was made to check the data contained in text fig- 
ure C statistically. For the necessary calculations I am also 
indebted to Doctor Dunn. 

In part I of this paper two sets of figures are cited, one on 
ovulation dates (203 cases), the other on parturition dates 
(111 cases). The figures are given in table 1. It was thought 
that a difference between the means of these two sets of 
figures ought to reflect accurately the length of the period of 
gestation : from mean of the ovulation days to mean of the 
birth days. This presumes that no other factors have entered 
in to warp the estimation of the raw material (table 1). It 
is seen from the table that for only four years (1916, 1917, 
1921, 1922) is there sufficient data concerning both ovulation 
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and birth days. The birth dates for 1922 are somewhat 
bizarre; but these were used, nevertheless, for the sake of 
fairness. The figures are scanty, but seemed sufficient — at 
least the difference in the means could be judged in the light 
of the variations of the eases.^ The means, standard devia- 
tions, and the probable errors of the means were determined 
for the two sets of material. The differences between the 
ovulation time and the birth time for each year were com- 
puted in days following January 1st, and the probable errors 
of the differences calculated from the probable error of the 
means by the formula : 

PE diff. of means of ovulation and birth = ovulation) ^ -f- (PE birth) ^ 

The experience of the four years was then summated by 
adding together the four differences and averaging them and 
the respective 'probable errors. The result tells us that the 
average difference is 10.557 days ± 1.720 days. The period of 
gestation might, therefore, be anything from 8.84 days to 
12.28 days. The calculated chances of the period being 12.5 
days, as estimated according to text figure C, are 80 in 100. 
Had the data for 1922 been eliminated, the result would be 
considerably more favorable for the 12 h 2 -day period. 

THE PATE OE CLEAVAGE DIVISION 

Cleavage in the opossum egg may be considered as ending 
at about the thirty-two- to forty-celled stage when the blasto- 
meres are arranged in the form of a hollow sphere (the blasto- 
cyst or vesicle) with cell margins contiguous. It is repre- 
sented in text figure C as a small circle. Eleven cases from 

^ TIhe calculation thus made illustrates the possibilities of a statistical treatment 
of biological raw material, even though in this instance the material is very 
meager. Much more material was actually collected, but measurements were 
not made at the time and valuable opportunities lost. This statement is made to 
emphasize the need for the accumulation of accurate biometrical raw material, 
which will find many uses in the hands of the statisticians of the future. Perhaps 
more important still, the study illustrates the value of the statistical treatment of 
meager material in order to learn its limitations for drawing fundamental theo- 
retical conclusions. 
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the two-celled to the tweiity-five-celled condition have been 
utilized in the chart. Since cases covering the ovulation- 
cleavage stage interval were lacking, the question arose, 
where in the chart the respective cleavage stages should be 
placed. In other words, the starting-point of these clea%^age 
cases had to be determined theoretically on the basis of what 
is known of other animals. 

The moment of ovulation is tentatively placed at a half-day 
after copulation on the basis of the rabbit, which in its de- 
velopmental rate is almost identical with the opossum for the 
first 10 days. In 24 hours the opossum egg reaches the 
uterus in the pronuclear stage, in which condition it had 
probably been for some hours. The rat reaches this stage in 
24 hours postcoitum (Huber, ’15) ; the mouse in about 11 
hours (Sobotta, ’95) ; the rabbit in 14 hours (Hensen, ’76) 
to 20 hours (Coste, ’49), the latter being the correct time;® 
the guinea-pig in 12 hours (Eein, ’83) to 24 hours (Lams, 
’12), the sheep in days (Assheton, ’98). In the rat the 
two-celled stage is reached in about 48 hours (Huber), in 
24 hours according to Melissinos (’07). Coste, Assheton 
(’94), Nihoul (’26), and Eein all agree that the two-celled 
stage is reached in the rabbit in one day after copulation or 
14 hours after fertilization. Further examples will be given 
below illustrating the agreement among authors as to the 
developmental rate in this species — ^further evidence as to the 
comparative reliability in the rabbit of estimating the ovula- 
tion period from the time of first copulation. In the guinea- 
pig Hensen found the two-celled stage in 24 hours ; Lams, in 
33 to 48 hours. In the pig Streeter and Heuser (’28) found 
two-celled ova in 2 days, 3% hours postcoitum. 

Taking these comparative studies into account, together 
with the fact that the opossum egg has a great deal of inert 

^ I am permitted by Mr. P. W. Gregory, Research Fellow at the Bussey Institu- 
tion, to report the following results of his painstaking work on the rabbit: 
Pronuelei are found up to 21 to 22 hours postcoitum; two-celled ova from 21^ to 
254 hours; four-celled ova from 26 to 31 hours. Thirty-two and one-quarter 
hours is the best time to secure the third cleavage in progress ; the fourth cleavage 
begins around 41 hours. 
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yolk to expel during the first cleavage (which may or may 
not retard the first cleavage in comparison with the succeed- 
ing ones), I have set down the time of completion of the 
first cleavage at 2% days. 

The succeeding divisions are, however, conceived to he more 
rapid, say 14 day each, which is short in comparison with 
other forms. 

For the rat Huher states that the second cleavage requires 
about a day (73-hour stage), which is twice as rapid as the 
first cleavage. The third division (89-hour stage) is still 
more rapid, say % of a day, the fourth cleavage occupies only 
14 day. Hence, in the rat there is clearly a speeding-up of 
division rates with each successive cleavage, as the blasto- 
meres become smaller. The same might well be true of the 
opossum, which casts off a variable amount of yolk with 
cytoplasm. The rabbit ovum divides still more rapidly, for 
in 72 hours it has reached the morula stage and consists of at 
least thirty-two cells (Nihoul, van Beneden (’80), Assheton, 
Coste). The guinea-pig seems to be a little slower (Spee, 
’01), the sheep and the pig still slower. Streeter and Heuser 
have recently observed some cases in the pig which show 
roughly that the second cleavage requires about a day, the 
third % day. But a study of nine litters from the two-celled 
to the sixty-four-celled stage would seem to indicate about % 
day to a cleavage division in the pig, without any acceleration 
in the later divisions. 

Two experiments on the opossum would have settled the 
time required for passage from the four-celled to the thirty- 
two-celled stage (three divisions) unequivocally, but for the 
fact that the record in one case is defective. Thus, no. 203 
yielded four-celled eggs at 8.40, January 28, 1917 ; the second 
operation was done at 11.45, but whether in the morning* or 
the night of January 29th was not put down in the protocol. 
The cage notes, however, pointed to the night period, which 
would make the interval 39 hours instead of 27. That the 
latter period (27 hours) is probably the correct one, however, 
is borne out by an entirely similar case, no. 173, in which the 
interval is about a day, or about % day for a single division. 
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Of interest in this connection are Bischoff’s experiments on 
the rate of development in the dog, in which he removed sur- 
gically successive segments of the uterus, to note the develop- 
ment made in a 24-hour period in the same animal. Thus, in 
dog XV, the eggs passed in a day from the four-celled to the 
eight-celled condition; in dog XVI, from the four- to the 
nine- or ten-celled stage; in dog XVII, from five to seven 
cells to sixteen to thirty-two cells ; in dog XIX, from nineteen 
to thirty-two or more cells. 

THE EAELY VESICLE 

We thus arrive in Sy? days (no. 292, for example) at a stage 
when the entoderm mother cells are just beginning to pro- 
liferate. This stage corresponds roughly to the morula stage 
of the higher animals in which the segmentation cavity is 
beginning to appear. This is reached in the rabbit in about 
the same time as the opossum, namely, 3 days 10 hours (Coste, 
Assheton, Nihoul, van Beneden). In the guinea-pig, in 5 days 
(Spee) ; in the mouse, in 4)4 days (Sobotta) to 5 days (Jen- 
kinson, ’00). Six to seven days are required in the case of 
the sheep, according to Assheton, while the same stage is 
reached in the pig in 5 to 6 days, according to the same author. 
Streeter and Heuser find an early morula, mostly without 
segmentation cavity in 4 days 3)4 hours, with small segmenta- 
tion cavity in 4 days 18 hours, and with well-developed cavity 
in 6 days 1 % hours, and in 7 days 3)^ hours. 

An examination of the chart (text fig. C) shows no. 314 to 
have arrived at the stage under consideration in the esti- 
mated time almost exactly; no. 173 also falls at that point. 
The discrepancy seen in no. 343 has already been alluded to, 
while the still greater discrepancy of no. 298 is to be ex- 
plained on the basis of a later copulation than the observed 
one. 

The further differentiation of the opossum blastocyst con- 
sists in a thinning out of the trophoblast and a continuance 
of entoderm formation at the embryonic area. This comes to 
have a more and more restricted proportion of the vesicle 



168 


CARL G. HARTMAN 


which grows iii size chiefly through the spreading out of the 
trophoblast. Thus litter no. 356, previously fully described 
(p. 63, pis. 8, 9, and 11, Hartman, T9) is placed in text figure 
C just in advance of the 4-day line. From the undifferenti- 
ated vesicle (nos. 193, 191) there is an easy gradation through 
nos. 344, 544 (fig. 1), 927, and 349 to the stage represented by 
no. 356. The time relations here are pure estimates based on 
a count of the number of cells in the ova as well as on a sur- 
vey of the chart as a whole. Further experimentation is here 
needed. 

The four-day stage (no. 356), with the exception of Eau- 
ber’s layer which is characteristic of the eutherian blastocyst, 
corresponds very well with the 4-day rabbit vesicle as figured 
by Assheton, Hensen, van Beneden; with the 5l2-day mouse 
egg (Jenkinson, Sobotta), the 6-day guinea-pig egg (Heuser, 
Spee, Eein), the 5- to 7-day pig (Assheton, Corner, Streeter 
and Heuser), the 9- to 10-day sheep (Assheton). The rabbit 
and the opossum are, therefore, in advance of other mammals 
so far as known on the fourth day of development. 

THE BILAMINAE BLASTOCYST 

The next landmark which we may select is the bilaminar 
blastocyst between 1.0 and 1.5 mm. in diameter, fully de- 
scribed by Selenka, and by Hartman (T6, T9). In both the 
rabbit and the opossum the vesicle at this stage is practically 
spherical (figs. 5, 9, 21), in the dog elliptical; in the rat, the 
mouse, and the guinea-pig it is more or less collapsed, while 
in the pig and the sheep it is beginning greatly to elongate. 
Bisehotf found in the dog that 25% hours were insufficient for- 
the egg to pass through the bilaminar stage, vesicles of 2.0 X 
2.5 mm. having in that interval grown to 3.5 X 4.5 mm., all 
still didermic. In the opossum the growth of the vesicle is 
at the expense of the albumen layer — a feature shown by the 
sketches in the charts (text figs. C and D). With the growth 
of the vesicle in diameter the entoderm spreads toward the 
lower pole of the egg. Thus in ova no. 352 (text fig. D and 
Hartman, T9) and 931 (text fig. C) the entoderm has not 
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yet reached the equator. Other batches of about this stage of 
advancement are nos. 931, 194, and Selenka’s 10-hour’ stage 
(actually 5 days 10 hours). It will be noted that copulation 
ages are known for both no. 194 and Selenka’s case ; no. 931 
falls naturally on the 5-day line in comparison with other 
litters of the chart. Hence in text figure D, no. 352 is placed 
on the 5-day line to mark the beginning of the chain of stages 
there shown. This chart contains a sufficient number of 
cases to he a fairly reliable picture of what happens from 
the end of the 5th day to the completion of 814 days. 

The bilaminar stage is completed, that is, the entoderm 
has reached the lower pole of the egg in nos. 205, 352, and 
347. A day and a half later (no. 353, figs. 22 and 23) the 
primitive-streak mesoderm begins to proliferate; hence it is 
apparent that the bilaminar stage in the opossum, as in the 
dog, persists for over a day. It marks the half-way stage in 
the actual period of gestation, and yet there is no embryo as 
yet, only what MacDowell, Allen, and MacDoAvell (’27) call 
the ‘proembryo.’ 

Studying text fig. C as a whole, 614 days may be set down 
as a fair average for the 1-mm. bilaminar blastocyst, which is 
exactly Selenka’s finding as corrected (v.s.). Our 191 and 
293, 285 and 347 accord with this estimate, while nos. 838, 
343, and 306 fall 12 to 24 hours later. The first two have 
copulation data; hence it is possible that our estimate of 6% 
days may need some revision in the future. One-half day 
later, the primitive-streak stage is well indicated. 

THE PEIMITIVE-STEEAK STAGE 

This rather clear-cut stage has been described in a number 
of mammals, with copulation age in a few of them. In the 
rabbit Minot and Taylor (’05) find it 614 days postcoitum. 
However, this seems an exceptionally early estimate, in view 
of the findings of other authors, as w^ell as in consideration 
of the fact that Minot and Taylor themselves find but slightly 
more advanced stages 714 and 814 days postcoitum. Hence, 
we may accept Hensen’s 7-day term as more nearly the modal 
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one. Sobotta thought the mouse reached this stage in 8 days 
or more, while MacDowell, Allen, and MacDowell find 714 
days sufficient for the establishment of a primitive groove 
and the beginning of a head process. They state further: 
'‘Of twenty-one 7-day embryos from three litters, sectioned 
transversely or longitudinally, sixteen are sufficiently devel- 
oped for a primitive groove, but none show a head fold.” 
The mouse is thus almost exactly at the same stage as the 
opossum at 7 and 7H days. The guinea-pig appears to speed 
up at this point, if we are to accept Bischoff’s time of 6 days 
14 hours and Kolliker’s 6 days 18 hours. But Kolliker also 
reports a bilaminar blastocyst at 7 days. These data are 
clearly at variance with Hensen’s egg cylinders that have 
not yet any mesoderm at 11 days and Lieberkiihn’s areas with 
primitive streak and considerable mesoderm at 13 days and 
13 days 20 hours. Henseii’s data on rate of development be- 
tween the inner cell mass stage of 6 days and the six-somite 
stage at 14 days likewise need checking up by future work. 
In the case of the dog the primitive-streak stage is reached 
in 16 daj^s, according to Bonnet; in the sheep in about 14% 
days, according to both Keibel and Bonnet. 

Of our own batches of eggs nos. 380 (figs. 15 and 16), 486 
(fig. 17), and 578 are found to be in the same stage of devel- 
opment, although for the last-mentioned there are only a 
photograph of the eggs in salt solution and a verbal brief 
description extant; hence the eggs could not be reexamined 
for details, and their exact position in the chart is slightly 
problematical. The cue for the proper placing of these primi- 
tive-groove stages in text figure D is furnished by batch no. 
211, in which the interval of 12% hours intervened between 
an early primitive -streak stage and one having a short medul- 
lary groove with a spread of mesoderm somewhat beyond the 
limits of the embryonic shield. Nos. 377 and 284 are some- 
what in advance of no. 211. No. 380', with its single pair of 
somites just beginning (fig. 19) is still more advanced, 
though about the same as no. 349 of texl figure C, which falls 
on the 7%-day line. No. 356' at 7% days and no. 298' at 
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934 days (fig. 29) are midway between 377 and 380', their 
medullary grooves being about the same length as the primi- 
tive streaks and the notochord or head process half as long. 
No. 298' is, as already indicated, palpably out of place in the 
chart (text fig. C), as is the earlier stage secured from the 
same animal. The corresponding stages represented by Se- 
lenka (line 2 of text fig. C) are seen to be approximately in 
agreement with my own chart; the slight inconsistencies are, 
moreover, readily explained by the fact that the various 
stages came in part from different animals (v.s.). 

For the dog, Bischotf records some further interesting ex- 
periments that are of unusual interest in connection with the 
stages shown in the latter part of text figure D. In his speci- 
men XLV he removed a primitive-streak embryo correspond- 
ing to our no. 380 (fig. 15) or no. 486 (fig. 17) and 24 hours 
later a stage quite comparable to our nos. 298' (fig. 29) and 
35$', a rate of differentiation about half as rapid as in the 
opossum. Again, his no. XL VI yielded about the same stage 
as our no. 377, and in 24 hours a stage attained by no. 377' in 
12 hours. This interesting comparison perhaps indicates a 
speeding-up in differentiation rather than growth in the opos- 
sum as compared with an animal whose birth is still far 
removed in time. There is need of more extensive work 
along this line in mammals, including the opossum. Cer- 
tainly, such studies should carefully distinguish between 
growth in size and differentiation of parts. Counting mitotic 
figures in an embryo is an index of rate of growth, but not of 
differentiation. 


THE EMBRYOS 

Embryos with six to ten somites are to be expected in the 
opossum about 834 days postcoitum. At this stage the brain 
vesicles may be made out and the pericardial cavity has the 
typical horseshoe shape about the head end of the embryo. 
The latter is, however, to be seen as early as the stage repre- 
sented by no. 356 (Hartman, ’19). One animal (no. 340) 
furnished two sets of embryos at about seven to ten somites 



172 


CARL G. HARTMAN 


6% hours apart — an interval of time quite sufficient to add 
to the complexity of the brain, the number of somites, and 
the head fold. 

With the 8%-day opossum embryo the rabbit again agrees 
very well. Thus Minot and Taylor found a two-somite rabbit 
embryo at 8^ days, one of seven somites at 814 days. Hensen 
found a three-somite embryo in 814 days, one of more somites 
at 814 days. Double this time is required in the pig (Keibel) 
and the sheep (Bonnet). 

The older embryos are represented in text figure C by out- 
lines that admit of the respective stages being made out with 
reference to the head and the limbs. In plates 1, 2, and 3 
seven embryos are shown photographically. In the head the 
gill arches are indicated in the younger embryos (fig. 14) ; 
such a stage may be expected in both the rabbit and the opos- 
sum at 10 days. In the later embryos the optic pits may be 
seen. The mouth is at first wide open, almost closes lat.er, 
and near term comes to be surrounded by the peculiar muzzle 
(Schnabelschild), as well described by Selenka. The fore 
limb is precocious, for near term the fingers are provided 
with claws adapted for crawling into the pouch (Hartman, 
’20) while the hind limbs are still embryonic paddles. 

SUMMARY 

In constructing our charts (text figs. C and D), we have 
assumed thirteen days for the entire period of gestation, from 
coitus to parturition, and have limited the outline of the chart 
with straight lines, as though the span were always invari- 
ably the same. This was done as a matter of convenience. 
There can be no doubt that the span of gestation is subject to 
enormous variations, as is well known for all mammalian 
animals and the human species as well. The opossum can 
be no exception. One might even expect a greater percentage 
of variation in the opossum because of the early birth, since 
the physiological processes that cause parturition at the ap- 
propriate time (still unknown) must be delicately adjusted 
and might be thought of as rather poorly established in the 
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presence of corpora Intea only twelve and one-half days old. 
Indeed, several cases among my records of two- to four-day 
intervals toward the end of gestation point rather signih- 
cantly to an occasional period longer than thirteen days. 
Statistically, as shown above, the chances are against the 
assumption of a longer average period of thirteen days be- 
tween copulation and parturition and twelve and one-half 
days between fertilization and birth. 

It is apparent, moreover, that the first half of gestation is 
entirely concerned with the differentiation of the ‘pro- 
embryo’; hmice the actual intra-uterine development of the 
embryo itself comprises but five and one-half days, for at 
seven and one-half days the primitive streak is completed and 
the medullary plate begins to differentiate; the notochord to 
grow forward from Hensen’s node. As one views text figure 
C, one must truly marvel at the complexity of even the visible 
changes which occur in the period represented by the latter 
half of the chart. 

III. THE POSTNATAL GROWTH AND DEVELOPMENT 

Though not as extensive as might be desired, the data upon 
which the postnatal development is based afford results which 
should prove of interest and value. For the opossum these 
new data stand alone, except for the four or five cases cited 
by Barton (1823), Meigs (’47), Michel (’50), and Audubon 
and Baehmann (’51). Of these the data given by the last on 
sizes at various ages are clearly wrong, unless I mistake the 
use of the grain as a unit of measure, which I take to be 0.0648 
gram. 

For the convenience of the reader, the new data have been 
reduced to the form of charts and growth curves, which may 
serve as a basis for discussion. The interested reader may 
refer for details to the appendices. 

Before proceeding with the subject of growth, it is necessary 
to present some relations of body length to weight; for this 
information has been in part utilized in translating length to 
weight for text figure H and weight to length for text figure H 
in a few cases. 
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DATA OP LENGTH ON WEIGHT 

The weights of the animals in grams is accurate, the meas- 
urements of length as accurate as the method employed. It 
was found best to use the snout-rump dimension, rather than 
crown-rump, for the latter depends upon the amount of curva- 
ture allowed the neck region. To secure the measurement, 
the dead animal, if large, is laid on its back, a rule is laid 
along the ventral surface, and the length from the tip of the 
snout to the junction of the tail with the trunk read off. A 



Text fig. E Curve of length in millimeters on weight in grams for sixty-eight 
pouch young of the opossum, both sexes. 


small pouch young is held extended with the fingers of one 
hand and a rule applied to the ventral surface. 

Some sixty-nine young animals of both sexes, still under 
the protecting care of the mother, if not actually sucking, 
were both measured and weighed. These range from about 
10 mm. in length and a little over 0.1 gram in weight to about 
200 mm. in length, 165 grams in weight. The plotted curve 
shown in text figure E has the usual shape of length-weight 
curves, as, for example, Streeter’s curve of human ma- 
terial ( ’20). 
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Of adult or adolescent animals, females only were weighed 
and measured, a total of 115. An additional seventy-seven 
furnished weights only. The former were used to construct 
the curve in text figure F, to which has been added a portion 
of text figure E to complete the first part of the curve. 



Text fig. P Curve of length in millimeters on weight in grams for 117 mature 
female opossums. At the beginning of the curve are added some prepuberty 
cases (under 200 mm.) from text figure E. Below the curve, graph of 192 
female opossums arranged by weight and grouped according to 100-gram columns, 
from 5 to 600 grams up. 1334 grams, the ‘center of gravity’ of the graph, 
represents the ‘average’ female opossum capable of bearing young. 

From text figure F it appears that somewhat over half 
of the females range from 1000 to 1500 grams (2.2 to 3.3 
pounds) and measure 375 to 420 mm., and that this group is 
pretty evenly distributed about the point of intersection of 
the 400-mm. and the 1250-gTam line. An average animal of 
such size I find is frequently designated in the protocols as 
‘medium’ in size. Only one female weighed as much as 2800 
grams (no. 429), the largest female ever weighed by us, 
though I have the impression that several were encountered 
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that struck one as slightly larger. Audubon and Bachmann 
must certainly have been mistaken when they described a full- 
grown female measuring 1514 inches (394 mm.) as weighing 
12 pounds. 

The curve indicates, furthermore, that the opossum, like 
other animals, the rat, for example (Donaldson, ’24), begins 
breeding long before she is full grown. The 115 dots in the 
chart represent not fully grown animals only, for many 
among them were seen to be palpably young ; others are pal- 
pably old, of course, having permanently dilated pouches and 
enlarged nipple bases. The animals are simply random sam- 
ples of females, mostly pregnant or at least approaching 
closely to their first oestrus, which happened to be unfor- 
tunate enough to be brought into the laboratory. 

Of pregnant or pseudopregnant, and therefore sexually 
mature and breeding females, the following represent ex- 
tremes in size. 

No. 226, 660 grams, 345 mm.; had 10.5-mm. embryos (near term) 
February 11, 1915. 

No. 234, 650 grams, 350 mm. ; was pseudopregnant March 17, 1915. 
But this female was a black one and may have belonged to the 
species D. marsupialis; hence the preceding may be taken as the 
smallest breeding specimen of D. virginianus among my records. 

No. 429 was the largest female, 2800 grams, 490 mm. She had 
pouch young about two weeks old, February 13, 1927. 

No. 702, the next largest female, weighed 2720 grams, February 7, 
1922, when young, unfertilized eggs were removed from the uterus. 

Finally, attention may be called to certain descriptive 
terms for size applied to specimens whose records were being 
set down, such as ‘tiny,’ ‘small,’ ‘medium,’ ‘large,’ ‘very 
large.’ These terms were used along with other descriptive 
features, to make more certain the identification of experi- 
mental animals whose number otherwise was read off from 
a code of holes, slits, and notches in the ears in connection 
with cut-off stubs of vibrissae. Sometimes the animal was 
weighed or measured later. Hence, it was possible, by col- 
lating these cases, to define the g'eneral terms for size more 
precisely. The result is as follows: 
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Descriptive 

adjective 

Tiny 
Small 
Medium 
Large 
Very large 


Weight iff rams) 

1000 or less 
900-1300 
1200 - 1400 
1300 - 2200 
2000 or more 


Length {mm.) 

355 or less 
350 - 390 
375 - 410 
395 - 440 
430 or more 


THE GROWTH CURVES 

Two charts are presented, one of weight on age (text tig-. 
G), and the other snout-rump length on age (text fig. H). 
The former covers fifty -six days, the latter, thanks to data 
furnished by Doctor Langworthy, almost ninety days. Doctor 
Langworthy ’s cases are represented in text figure H by open 
rings, my own cases, as usual, by dots. Since Doctor Lang- 
worthy’s cases were not weighed, those that come within the 
scope of the weight-age chart were translated into terms of 
weight with the aid of text figure E and entered in text figure 
Q -with open rings. 

THE NEWBORN 

The newborn pouch young' have been variousy’- measured 
and weighed. Barton states that the smallest specimens of one 
litter weighed barely 1 grain (0.0648 gram) ; another speci- 
men barely 2 grains (0.13 gram) and the remaining five, taken 
together, exactly 7 grains — an average of about 0.9 gram. 
Schwarz (’20) found sixteen ymung in a pouch; these filled a 
tablespoon and weighed 2 grains (0.13 gram) each. Meigs 
was not certain of the exact day of birth of his litter, one of 
which he found to weigh 314 grains (0.227 gram), which seems 
about right for a pouch young two days old. Audubon and 
Bachmann’s birth weight of the opossum is still at variance 
with the other figures quoted and those of Meigs. These au- 
thors state that one embryo recovered by caesarean section 
weighed 4 grains, or 0.26 gram; others weighed 3% to 3% 
grains at birth. Incidentally, it may be stated that these 
authors’ estimate of the seven-day pouch young at 30 grains 
(about 2 grams) and the ten-day pouch young at 22 grains 
(1.43 grams) are also rather far removed from my own 
curve; their cases are entered in text figure G at x and x'. 


.TOUENAIi OF MOEPHOX.OO'y AND PHYSIODOGY, VOL, 46, NO. 1 
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Selenka failed to weigli the newborn that came into his pos- 
session, but he measured one which he found to be 13 mm. in 
length. I also failed to weigh in the fresh state the young 
whose birth I witnessed in 1918 (Hartman, ’18) ; but after 
storage for nine years in 80 per cent alcohol after fixation in 
Bonin’s fluid the eleven remaining specimens out of the litter 
of eighteen weigh as follows : 0.125, 0.116, 0.112, 0.110, 0.108, 
0.107, 0.105, 0.103, 0.1, 0.95, 0.09 gram. Dehydration causes 
shrinkage, of course; but it is probable that in life the em- 
bryos weighed in the neighborhood of 0.13 gram. Another 
female, stored in a shallow table drawer about 6 inches deep, 
overnight, was found the next morning to have given birth to 
ten young, of which only one was attached. This one weighed 
0.16 gram ; its stomach was filled with milk. The nine others 
that had perished weighed a total of 1.2 grams — an average 
of 0.133 gram. 

In view of the aforementioned facts, it is safe to place the 
average weight of a newborn pouch young at 0.13 gram. If 
we assume that ten is an average litter born, the ratio of body 
weight of the litter to the mother is about 1 : 1000. Perhaps 
the bear is a close second to marsupials in the disparity be- 
tween the size of the mother and the offspring at birth. This 
was first called to my attention by Dr. Francis G. Benedict, 
of the Carnegie Nutrition Laboratory, Boston, who pre- 
sented me with the photographs of a pair of cubs measuring 
210 mm. in snout-rump length and weighing about a half- 
pound each. The ratio in this case would be one to four or 
five hundred. Brehm states in his 'Tierleben’ that the polar- 
bear cubs weigh 750 grams each, or about 3 pounds for the 
pair. If we take the maximum weight of a polar-bear female 
at 1500 pounds, we get the ratio of 1.: 500. Probably the other 
extreme in the mammalian series is found in the bat, where 
the single fetus may weigh fully one-third as much as the 
mother ( !)■* 

I am indebted to Dr. C. Hart Merriam for information (private communica- 
tion) which indicates that in bears the ratio of the weight of the cubs to that 
of the mother is considerably greater than 1:500. Thus a Yellowstone Park 
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The further growth iu weight is plotted iu text figure G ; in 
length, in text figure H. In the latter, Barton’s sixty-day 
young, weighing 35 grams, is entered at x and Meigs ’ seventy- 
four-day young, weighing 27.8 grams, is entered at x', after 



Text fig. G. Growth curve of the opossum pouch young, weight on age, for 
the first fifty-six days. Bach dot represents the average of a litter (details given 
in appendix C). xx, Audubon and Bachniann’s data, apparently wrong. **, data 
by Meigs, nine days, fourteen days (corrected). 


these weights were reduced to length equivalents (107 and 
100 mm., respectively) by the aid of text figure E. No other 
data on rate of postnatal development in the opossum are 
known to me. 

It will be seen that the growth curve thus far closely paral- 
lels the first part of the growth curve of other mammals and 

grizzly in the National Zoological Park at Washington, D. C., gave birth to two 
or three cubs (number uncertain), January 13, 1913. One cub died at five days 
of age; it weighed QVj ounces. The mother weighed 390 pounds the year before. 
A Yellowstone Park black bear at the same Zoo. lost one of its two cubs the day 
after its birth, when it weighed 9 ounces (Baker, Smithsonian Miscl. Coll., vol, 45, 
p. 178, January 7, 1904). A European brown bear, IJrsus arctus, at the Phila- 
delphia Zoological Park, thirty-six hours after its birth, , weighed 12% ounces 
(Forest and Stream, p. 84, Feb. 4, 1899). 
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maiL^ 111 other words, the opossum is still long after birth, 
to all intents and purposes, an embryo, although leading, as 
Doctor Meigs has grandiloquently put it, ‘‘a chylopoietic, 
warm-blooded, oxygenating, innervating, and free-willing 


Text fig. H Growth curve of the opossum pou'eli young, length on age, for 
the first ninety days. Dots represent averages of litters. Circles are individuals 
measured hy Doctor Langworthy, who kindly turned the data over to the writer. 
X, Meigs case: seventy-six days, 100 mm., calculated length equivalent; 
X, Barton’s case: sixty days, 107 mm., calculated length equivalent. 


'Chapters 1 and 2 of Pearl’s “The biology of population growth” gives a 
good summary of “How things grow.” It contains numerous normal growth 
curves for various plants, animals, and populations. 
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THE FIEST APPEARANCE OF HAIR 

The opossum young are born naked as tiny red flesh-like 
masses. In several days the color changes to a healthy pink, 
or typical flesh color. My earliest record of ^ hairy’ young 
concerns the pouch young of no. 116, forty-two days old, 
weighing 9.0 grams and measuring 65 mm. However, exam- 
ining the alcoholic specimens of litter no. 593 a, less than 5.0 
grams in weight, thirty-four days old, I find that these are 
already provided with down easily visible under the hand 
lens. The hair is barely visible in the pouch young of no. 861, 
thirty-one days old. The 15-gram pouch young of no. 883, 
fifty -three days old, have hair that is distinctly pigmented 
with the color characteristic of the species and the color phase 
of the animal. 

PERIOD OF ATTACHMENT TO THE TEAT 

Barton states that the young are continuously attached to 
the teat for fifty to fifty-two days, when they are about the 
size of a common house mouse. In the case of the female kept 
under observation by Meigs, the young remained ‘undetached’ 
for seventy-four days (two days are added to the figure given 
by the author) ; but two days later, one embryo, with eyes 
slightly open, was crawling on the body of its dam. Audubon 
and Bachmann state that in four weeks the young relax their 
hold and peep out of the pouch; in five weeks they crawl on 
their mother’s back. It is needless to add that here again 
these naturalists are mistaken in their estimates of age. 

Between the estimates of the last-named authors and Meigs 
there is a 100 per cent discrepancy; between the observations 
of Meigs and Barton, 40 per cent. The latter I regard within 
the limits of normal variability, if I may judge, for example, 
from my own data on the time the eyes open. In certain cru- 
cial cases, no. 905, 907, and 1007, the notes fail to state 
whether the young were attached or not. However, the young 
of no. 876, fifty-seven days old, weighing 12.5 to 18.3 grams, 
were still attached; the young of no. 150, about the size of 
mice (25 grams, 95 mm.), were running freely about on the 
mother. 
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In general it may be said, then, that the young begin to 
leave the teat for the first time when about the size of a house 
mouse and between fifty-two and seventy-four days old. This 
relates to animals kept in captivity. 

The question is sometimes asked whether the pouch young, 
if removed from the teat by the experimenter before the time 
intended by nature, can find their way back and get hold 
again. This must be answered in the affirmative, Audubon 
and Bachmann tested this out by experiment and found that 
not only a mother’s own young, but even the larger young of 
another female would attach themselves anew. I removed 
newly horn young and found they could reattach themselves ; 
indeed, one young found the teat three successive times. On 
one occasion the two large, hairy young of one female were 
found missing ; one was crawling about in the cage, the other 
had found a foster mother. The free individual was placed 
on its mother teat, but would not take hold while held by the 
observer’s hand, hence it was dropped into the pouch. An 
hour later, it was found attached to the teat. 

OPENING OP EYES AND MOUTH 

The mouth of the embryo is at first a wide cleft which 
gradually closes toward the end of gestation until only a cir- 
cular orifice is left for the reception of the teat. Later the 
lips form and separate like the eyelids and about the same 
time. But there is great variation in this respect, as sug- 
gested above. An inspection of the data presented in Appen- 
dix C will make this clear. Thus, for example, litter no. 883, 
weighing about 15 grams, is made up of individuals with eyes 
open, closed, or one eye open, the other closed. The indi- 
viduals of litter no. 1007 have the eyes still closed, although 
they were over 27 grams in weight — nearly double that of 
the preceding whose eyes were in part open. Within a single 
litter there may be great discrepancies in both size and differ - 
entiation, as, for example, in litter no. 876, in which the small- 
est member, weighing 50 per cent less than its fellows, had 
its eyes and mouth open, whereas the largest member had 
its eyes still closed, its mouth open on one side only. 
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WEANING AND INDEPENDENCE 

After leaving the teat, the pouch young does not yet leave 
the mother, but clings to her fur and makes periodic visits 
to the mammae for nursing. At the approach of danger 
the young scamper into the pouch, wherein the mother en- 
closes them with the sphincter as well as possible, in consid- 
eration of the size of the litter and the individuals comprising 
it. Lactating young are sunned at times by the mother and 
may be seen, as I have, crawling about the mother while she 
lies curled up in sleep. Doctor Barton stated that even after 
the mother gives birth to a new litter she “does not withdraw 
from them (the older litter) her useful attention and assist- 
ance.” Audubon and Bachmann believed that the young are 
only two months with the mother, but continue in the vicinity 
till autumn. “In the meantime,” they say, “a second and 
often a third brood is produced and thus two or more broods 
of different ages may be seen, sometimes with the mother, 
and at other times not far Off.” Parenthetically, attention 
may again be called to these authors’ low estimate of the rate 
of development in the opossum. They give no specific cases 
to warrant the exaggerated statement quoted above. They 
cite an interesting case, however, of a female that had in her 
pouch five very small young, while seven others, about the 
size of full-grown rats, were detected peeping from under 
rubbish. Other similar cases might be cited as follows : 

Barton secured on May 14th a female that had five young 
as large as a two-thirds-grown rat; seven days later, she gave 
birth to a new litter of seven young. I doubt not that the 
older litter had been weaned some time before the birth of 
the second litter. This case is paralleled by my own no. 1001, 
which on May 1, 1925, was encumbered with a litter of six 
young the size of rats (140 to 155 grams in weight), while 
in the pouch was a newly born young and signs of the former 
presence of others. The older litter had been weaned some 
time before, for the teats had greatly retrogressed and re- 
turned to a size consistent with the reception of the new 
litter. In this connection the specimen reported by Meigs is 
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of interest. In 1833, he captured at Camden, New Jersey, a 
female with five young, each as large as a half-grown rat and 
still unweaned. He saw them ‘Hake the teat, and creep on 
the mother’s back and muzzle, and hold on by means of the 
prehensile tail, wrapped round her ear, or round her leg. ’ ’ 

From the above-cited cases it seems clear that weaning 
takes place a considerable time after the young attain the 
size of mice, and some time after they reach the size of a 
half -grown rat. I should add that this happens when the 
young are at least two and one-half months old. 

Another ease should be mentioned in this connection, that 
of female no. 150 (Appendix C). April 17, 1915, she had 
young about 95 mm. long, running freely about her. Thirty- 
eight days later, the young had attained the size of rats ; their 
estimated age at this time was one hundred days. It is prob- 
able that in a state of nature these young would have begun 
an independent existence. Certainly, the young of no. 939, 
measuring 250 mm. in snout-rump length (about 350 grams 
in weight), had been independent for a week when killed. 
Such litters keep together (‘den-up’ together, as hunters 
would say) for some time, as Audubon and Bachmann de- 
scribed them. The records of the Biological Survey contain 
a number of just such references. A photograph of such a 
young opossum may be seen on page 276 of the National 
G-eographical Magazine, vol. 52, no. 3, September, 1927. Ac- 
cording to the legend, there were five of these young opossums 
together, the other four having escaped, which renders it 
likely that in this case also the litter was held together as a 
family by the mother. 


SUMMARY 

The newborn opossum weighs about 0.13 gram. An aver- 
age litter might weigh one one-thousandth of the body weight 
of the mother. The growth curve for weight is given for 
fifty-six days, for length for ninety days, and is, for the 
period covered, the shape of an' embryonic growth curve of 
higher mammals and man. 
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The eyes and month open as early as the fiftieth day, when 
the ponch yonng are as large as small mice or may remain 
closed considerably longer — until the size of a large house 
mouse. They are weaned when about eighty days of age. 
Soon thereafter the mother may again become pregnant with 
a second litter, but the weaned young still remain with the 
mother for some time. It probably takes at least ninety days 
to raise a litter of young to a state of independence. 

DISCUSSION 

In studies of the kind here undertaken one is struck by the 
extent of the variations in rate of development involved, which 
are, of course, only expressions of the heterozygosity of germ 
cells. Bate of development differs from one race to another 
and, since individuals of no large litter are ever exactly alike, 
the rate differs from one individual to another. Note, for 
example, the variation within litters of pouch young as given 
in the second part of this paper. Hence, data on rate of intra- 
uterine development will never be quite ‘satisfactory’ in the 
sense of being exactly predictable, or enabling the collector to 
secure with certainty the precise stage that he may desire. 
The greatest source of error, however, in making a Normen- 
tafel for the mammal lies in the difficulty thus far experienced 
in determining the exact hour of conception or fertilization 
of the ovum. 

As pointed out, embryos are usually dated from the time 
of copulation. But the heat period may last days or even 
weeks; so that between the first and the last copulation as 
many as seventeen days have been recorded (Bischoff, ’45). 
What a percentage of difference this may make in calculating 
the age of a two-day embryo! But this percentage may be 
very high in the case of the younger stages and the physio- 
logical events that center around ovulation, even in those 
animals that exhibit brief heat periods. The method has 
proved so elusive that numerous authors have timed their 
specimens from the hour of parturition in forms (the labora- 
tory rodents) in which ovulation is known to follow close onto 
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parturition. But the relation of heat or oestrus to ovulation 
is itself not fixed and is subject to variations common to all 
physiological processes, and these time relations vary be- 
tween large limits. 

In this connection I may hazard three suggestions as to 
how this problem may in part be met. In the first place, the 
species used for the experimental work should be favorable. 
If it is selected on the basis of availability and the anatomy 
and physiology of the reproductive organs, the rabbit, rat, 
mouse, guinea-pig, and opossum are the only species worthy 
of consideration at present. The rabbit has the advantage of 
ovulating almost exactly ten hours after copulation, as has 
been known since Goste began his excellent work in 1834; 
and this explains the agreement among workers on this spe- 
cies, The rabbit differs from most mammals in that the 
female will accept the male and is able to ovulate over long 
periods, for the ripe graafian follicles appear to remain quies- 
cent and ^ ready’ for a very considerable portion of the oes- 
trous cycle. The rat, the mouse, and the guinea-pig, as well 
as the opossum, have definite oestrous periods easily studied 
by Stockard and Papanicolaou’s vaginal-smear method now 
in universal use; by this method the events of the cycle, in- 
cluding ovulation, may be approximately determined and the 
next step greatly facilitated. These rodents, furthermore, 
ovulate and accept the male soon after parturition. 

The second step suggested consists of verification by 
laparotomy ; if necessary, by successive laparotomies. These 
need not seriously affect the reproductive capacity of the 
animal (Hartman, ’19; MacHowell, ’27; Corner, ’27). And 
finally we must return to the method of Bischoff, described 
in part II of this paper, namely, of surgically removing a 
uterus or portions of the uterine horns and noting the pro- 
gressive development in the surviving egg chambers. Fur- 
thermore, -in any mammal two cleavage stages might be 
secured, with accurate intervals, by successive removal of the 
fallopian tubes. It is believed that such material, timed to 
the minute, is more valuable than the same quantity or more 
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material based on copulation ages of ditferent animals. It 
is this method that has furnished the greater part of the data 
on which the intra-uterine development of the opossum, as 
above set forth, is based. 

Finally, it has been shown that intensive experimentation 
within closely defined limits is needed on the early ontogeny 
of mammals, such, for example, like the recently published 
study on the growth curve of the mouse by MacDowell, Allen, 
and MacDowell. 

SUMMARY 

In the first part of this paper the optimum time for collect- 
ing pregnant opossums at Austin, Texas, is discussed. The 
breeding season begins in January after a three months’ 
anoestrous period, and in the third, and fourth weeks the 
modal point for the number of conceptions is reached. After 
this period, most of the animals captured in the field are 
pregnant or have pouch young. 

The rate of intra-uterine development (part II) was inves- 
tigated chiefly by the method of surgical removal of one 
uterus, noting the stage of eggs or ' embryos which it con- 
tains, and allowing the surviving uterus to incubate its ova 
a precalculated period of time. Unique charts (text figs. C 
and D) allow the reader to see the development of different 
intervals at a glance. Thirteen days is probably near the 
truth for the average period from copulation to birth ; twelve 
and one-half days for the actual prenatal development. Com- 
parison is made with other mammals concerning the time 
when certain well-defined stages are reached — information 
which has been brought together here probably for the first 
time. It is shown that the rate of development of the opos- 
sum for the first ten days, at least, is most like that of the 
rabbit, representative of one of the most, primitive orders of 
Eutheria. The primitive-streak stage is reached in seven and 
one-half days, which leaves but five and 'one-half days for 
the actual development of the embryo itself to the time of 
birth. 
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The curve of postnatal development has the shape of the 
embryonic growth curve of the higher mammals, for birth is 
so early in ontogeny that it does not constitute the momen- 
tous physiological event as in the higher mammals. The 
pouch young begin to open their eyes and lips when about 
fifty days old and when they have attained the size of a full- 
grown house mouse. At this time they let go of the nipples 
for the first time, but continue to nurse for thirty days more. 
Even then they take advantage of the protecting care of the 
mother until they attain the size of the full-grown Norwegian 
rat, when they are ready to shift for themselves. The mother 
again becomes pregnant soon after weaning the first brood. 
It therefore requires quite all of three months to rear one 
brood of young. It is doubtful if a given female can rear more 
than two broods a year, except in rare instances, since the 
last three months of the calendar year constitute the 
anoestrum. 


APPENDIX A 

Extracts from the protocols of animals furnishing data for the 
construction of charts 1 and 2 (rate of intra-uterine development) 
and not mentioned in my paper of 1919 (Jour. Morph., vol. 32, 
pp. 8-16). It was deemed unnecessary here to repeat the protocols 
previously published. The new material here presented was col- 
lected since 1919 or concerns only stages from the primitive-streak 
stage on. (‘Chart l’ = text figure C; ‘chart 2' = text figure D.) 

No. 114. Copulation observed 10.50 to 11.00 A.M., Pebi-uary 6, 1915. February 
11th, 2.30 P.M., a laparotomy was performed; no eggs were found. February 15tli, 
10.00 A.M., 11-somite embryos (chart 1), 

No. 134. Two sets of embryos, sixteen hours apart, were removed from this 
female, the first litter nine days after copulation. A representative of the second 
litter is seen in figure 20. 

No. 207. January 29, 1916, five vesicles about 4.2 mm. in diameter and five 

unfertilized eggs. Sixty hours later, three vesicles, 11 mm. in diameter, and 

seven dead vesicles or unfertilized eggs. The normal vesicles contain 4-ram. 
embryos, according to the notes. These specimens are not entered in the charts. 

No. 211 (Didelphis marsupialis from San Benito, Texas). February 2, 1916, 
thirteen blastocysts in early primitive-streak stage, no unfertilized eggs. Measure- 
ments are as follows : 

In salt solution 2.5 2.5 2.36 1.78 2.3 2.0 2.6 2.3 2.26 2.24 2.13 

In fixing fluid 2.8 2.6 2.50 1.75 1.95 1.86 2.45 2.3 2.28 2.15 2.05 
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Twelve and one-half hours later, vesicles with pear-shaped embryonic areas 
and short medullary grooves. They measure as follows (chart 2) : 

In salt solution 3.6 3.52 3.52 3.46 3.37 3.37 3.26 2.8 

In fixing fluid 3.3 3.2 3.16 3.16 3.06 3.06 3.02 2.65 

No. 284. January 13, 1917, four vesicles, measuring 4.5 to 4.7 mm. Fourteen 
and one-half hours later, ten vesicles, measuring 9.5, 9.0, 9.0, 8.9, 8.7, 8.7, 8.7, 5.5, 
4.0 mm. The former set arc comparable to 298', 344, and 356'; the latter contain 
embryos with 8 to 10 somites. These specimens are not entered in the charts. 

No. 298. Figure 29 is introduced to show the stage of advancement reached 
three and one-half days after the 60 to 120-eelled blastodermic vesicle (Hartman, 
’19, p. 13, for protocol). (Chart 1.) 

No. 314. Figure 13 shows an embryo about nine days after an observed 
copulation (chart 1). 

No. 334. January 27, 1917, eleven vesicles, 2.75 to 3.0 mm. in diameter, 
slightly elliptical embryonic areas, late primitive-streak stage, no medullary 
groove, mesoderm has reached the anterior margin of embryonic area. Twenty 
hours later, one defective 5.0-mm. vesicle with embryo of 6 somites and two 
unfertilized eggs. The vesicle is small in proportion to the differentiation of the 
embryo (chart 2). 

No. 337. Figure 26 shows one of the larger eggs photographed fresh in utero 
and shown in figure 10, Hartman (’19). The mesoderm has almost reached the 
anterior margin of the formative area (the light streak is free of mesoderm). 
This represents four and one-half days’ development after the sixteen-celled 
stage (chart 1). 

No. 340. Six and one-quarter hours’ development represents, in two batches 
of vesicles from this female, an increase of about 2 somites (twelve to fourteen), 
and an easily recognizable increase in differentiation of brain contour; the 
otic vesicles also appeared in the interval. These specimens are not entered in 
the charts. 

No. 344. Figure 28 is introduced to show the spread of the mesoderm, the 
primitive streak, and short medullary groove, a stage reached three and one-sixth 
days after the early proliferation of entoderm, as detailed in Hartman ( ’19, 
p. 15) (chart 1). 

No. 346. See figures 21 and 24; also Hartman (’19, p. 15). 

No. 349. The notes given for this specimen, Hartman (’19, p. 16), need 
correction in so far as the vesicles at the second operation (three and one-third 
days after the first) measured S mm. The eggs are no longer extant for 
examination. The embryos had only a few somites (chart 1). 

No. 353. See figures 22 and 23; also Hartman (’19, p. 16). 

No. 356. January 30, 1917, young vesicles almost identical with those of 
no. 544 (fig. 1) and fully described in, Hartman (’19). Three days three 
and three-quarter hours later, the ova measure 4.9, 4.6, 4.25, 4.4, 3.25, 1.5 mm. 
(the last two moribund). The stage is almost identical with no. 298', shown 
in figure 29. 

No. 360. January 30, 1917, bilaminar blastocysts, about 1.5 mm. in diameter 
(Hartman, ’19, pi. 8). Three days later, 5.7o-mm. embryos like that shown 
in figure 14. This interval has been added to that of no. 306 of chart 1, for 
no. 306' is almost identical with no. 360. 
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No. 377. February 1, 1917, the 5- to 6-min. vesicles; medullary plate only 
a little less developed than in no. 356' and 298'. Thirteen hours later, the 
embryos have about 10 somites and brain with optic pits (chart 2). 

No. 380. February 3, 1917. 3.0- to 3.5-mm. vesicles with pear-shaped formative 
areas; the mesoderm has reached the anterior border of the area (fig. 15). 
Ten and three-quarter hours later, the formative area is slipper-shaped, the 
medullary plate is longer than the primitive streak; the first somite is in 
process of differentiating (fig. 19). Figure 16 shows this batch of eggs photo- 
graphed fresh in utero (chart 2). 

No. 486. January 29, 1921, eleven vesicles recovered, the normal ones measur- 
ing about 3 mm.; the primitive-streak stage, formative area pear-shaped, no 
medullary plate (fig. 17). Twenty and one-half hours later, embryos are in the 
6-, 7-, or S-somite stage. One of these is reproduced in figure 18 (chart 2). 

No. 544. January 22, 1921, nineteen eggs removed, of which several are 
shown in figure 1. The vesicles are just a little earlier in development than 
those of no. 356. Seven days later, "large fetuses, 3 slightly hemorrhagic and 
one dead.” These are no longer extant for examination. A photograph of 
the uterus with hernia of the mucosa pushed out by a fetus speaks for embryos 
of about the same stage as no. 549', shown in figure 2 (chart 1) . 

No. 560. This repeats the story of no. 486 almost exactly. The nine vesicles 
removed January 24, 1921, are slightly more advanced than those of no. 486, 
the mesoderm having spread beyond the limits of the formative area and the 
medullary groove having just begun (fig. 27). An eighteen-hour interval brought 
the embryos to the identical stage attained by 486' (fig, 18) (chart 2). 

No. 561. January 24, 1921, eight eggs in the sixteen-celled stage (fig. 3, pi. 1). 
Seven and one-half days later, embryos with 7- to 9-mm. allantois, about two 
days of term. If in our chart the sixteen-celled stage is correctly placed at 
three and one-half days after ovulation, this period added to the interval of 
seven and one-half days gives us eleven days, or two days short of a thirteen- 
day gestation period for the embryo shown in figure 4 (chart 1). 

No. 578. January 26, 1921, six vesicles, about 3.5 mm. in diameter removed. 
These have pear-shaped embryonic areas and long primitive streaks. Twenty- 
four and one-half hours later, the embryonic area was slipper-shaped, tlie 
embryo contained 6 somites (chart 2). 

No. 580. January 27, 1921, eight vesicles, 4.0 to 4.5 mm. in diameter, primitive- 
streak stage. Both ovaries were removed at this time for experimental purposes. 
Four days nineteen hours later, the embryos had attained a stage approximately 
like those of no. 841. The specimen was not used in the charts. 

No. 582. Nine 0.7-mm. blastocysts recovered, January 27, 1921. Considerable 
albumen is still left between the trophoblastic portion of the vesicle and the 
shell membrane (fig. 9). Both ovaries were removed at this time. Two days 
eighteen hours later, the vesicles (practically normal still) shown in figures 10 
and 11, 8.4 to 9.0 mm. in diameter, embryos with about 6 somites were removed 
(fig. 12) (top of chart 2). 

No. 585. January 28, 1921, young bilaminar blastocysts, 0.75 mm. in diameter, 
but slightly in advance of no. 582 and about the same as no; 293', were found. 
Left uterus and right ovary were removed. Five days less three hours later, 
7..5-mm. embryos were recovered (fig. 6). Because of the similarity of the first 
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stage of tills specimen and the second stage of no. 293, this interval has been 
added to that of 293 in chart 1. 

No. 829. January 20, 1922, nine embryos with 2'mm. allantois. Both ovaries 
were removed at this time. Pour and one-half days later, four embryos, slightly 
hemorrhagic, near term. This specimen is not utilized in the chart. 

No. 838. April 1, 1922, oestrus was recognized in this animal for the third 
time. She was kept with a male. April 8th, thirty eggs were removed from 
one uterus, thirty-six from the other — total of fifty-six — mostly excellent 
bilaminar blastocysts nearly 1.0 mm. in diameter. This is probably the record 
for normal ovulation in the history of mammalogy! In this case seven days’ 
development postcoitum seems to be pretty nearly correct. 

No. 841. January 21, 1922, removed left ovary and right uterus. Uterus 
contained fifteen ova (fig, 7) in late cleavage stages. Eight days fifteen hours 
later, four normal embryos within about two days of term (fig. 8) (chart 1). 

No. 927. January 31, 1924, eggs in about the same stage as no. 544 (fig. 1) : 
small vesicles with early polar differentiation. Both ovaries were removed with 
the left uterus. Eight days later, embryos with 3-mm. allantois. They are no 
longer extant for exact examination, though most like litter no. 549, from 
which the sketch shown in chart 1 was made (fig. 2). The embryos were still 
alive when removed, but may have been a little retarded because of the 
ovariectomy. 

No. 931. January 29, 1924, removed right ovary and left uterus. From this 
eggs about like litter no. 294 were recovered (compare Hartman, ’19, fig. 2, 
pi. 6, and fig. 1, pi. 11). Seven days later, embryos near term. The sketch in 
the chart was made from another litter near term, however, since ‘embryos 
no. 931 were given away and no record of measurement could be- secured from 
the recipient. ' 

No. 969. February 7, 1925, ova in about the sixteen-celled stage. Seven days 
later, young embryos like those of no. 360 shown in figure 14. 

APPENDIX B 

PROTOCOLS OF ANIMALS WHOSE RECORDS FORM THE BASIS OF 
TEXT FIGURES G AND H 

The protocols given in this appendix are presented in order that 
a definite idea may he given of the character of data upon which 
the first ninety days of postnatal growth is based. In no case, except 
no. 443, was a birth actually observed ; but in a number of cases the 
birth was known within a few hours. A few cases are included in 
which an estimate of a week or ten days was made on the age of the 
pouch young when first discovered, and this involves some error, 
inasmuch as I had but a hazy notion as to the age of pouch young 
when this compilation was undertaken in 1927, two years after mak- 
ing the last collection of opossums. However, such pure estimates 
are only included in which the percentage of error finally is very 
slight, that is, the error of a day or two at the beginning of a long 
interval really constitutes an unimportant proportion of the total 
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length of time under consideration. Lengths are from snout-rump 
measurements. Where no sex is indicated, none had been recorded. 

No. 116. February 1, 1916, pouch young just born. February 11th, eight 
young in pouch, two removed. March 2nd, removed a male pouch young (49 
mm.; estimated weight, 4.5 grams) and a female (48 mm.; estimated weight, 
4.5 grams) ; age, thirty-one days. March 14th, young measure 65 mm. (estimated 
weight, 7.0 grams). Young are hairy, testes well descended; age, forty -three 
days. 

No. 517. Nine pouch young put down in the notes as ten days old, January 20, 
1921. One measures 17.0 mm., another, 20.0 mm. The estimated weight of 
these is about 0.45 gram. 

No. 528. Large female received January 22, 1921; by mammary palpation 
she was diagnosed as in late stage of pregnancy. July 9th, nine pouch young 
are found, of which six weigh 10.1 grams, or 1.7 gram each; length, 30 ram. 
The young are fifteen to eighteen days old. The age is plotted as of eighteen 
days, which seemed, all points considered, the probable age. 

No. 552. Eeceived January 25, 1921, in early stage of pregnancy. February 
1st, one pouch young, about a day old. February 12th, young weighed 0.851 
gram. Age of pouch young estimated at thirteen days. 

No. 569. January 24, 1921, near oestrus; February 1st, pregnant. February 
4th, one pouch young found, size not recorded, probably less than day old. 
February 19th, male pouch young weighed 0.65 gram; fifteen days old. 

No. 591. February 5, 1921, pouch young ‘about week old.’ February 23rd, 
four young weighed: 2.3.5 grams; 5, 2.20 grams; 2.29 grams; cJ', 2.29 

grams; average, 2.3 grams; age, twenty-five days. 

No. 593a, February 5, 1921, six pouch young, estimated at a little better 
than two weeks old. February 23rd, the young, all males, weighed 5.05, 4.97, 
4.87, 4.87, 4.55, 4.43 grams. In alcohol they measure about 43 mm., perhaps 
equivalent to 45 mm. in life. Age, about thirty-four days. 

No. 608. February 1, 1921, pregnant. Night of February 4th to 5th, parturition. 
February 10th, pouch young, a week old, observed, but not measured. March 11th, 
five young are left; these are killed and their heads removed for special brain 
fixation. Their preserved bodies are carefully compared with intact specimens 
and are found to be nearly the same size as batch no. 633, which weighed in 
the living state as follows: $, 3.16 grams; 3.52, 3.27, 3.21, 3.20, 2.92 grams; 
average, 3.22 grams. Five males measured about 37.5 mm.; age, thirty-five days. 

No. 614. February 1, 1921, very small, red pouch young, not over a day old. 
February 10th, three ‘good-sized’ pouch young observed. February 20th, pouch 
young are dead; one weighed 1.5 gram. Age, twenty days. 

No. 619. Large female, received February 2, 1921. Mammary palpation 
showed the animal to be in early stage of pregnancy, about ten days before 
parturition. February 20th, nine pouch young are seen ; March 7th to 23rd, seven 
only; March 24th, the young, now forty days old, were killed. The weights 
were as follows: J'c?, 7.15, 6.95, 6.51 grams; $$, 7.60, 7.57, 7.01, 6.68 grams. 

No. 624. February 4, 1921, received with pouch young at least a week old; 
February 16th, nine large young present. March 5th to 25th, six only left; 
March 26th, pouch young lost with the exception of one dead and one living. 
The latter weighed 8.5 grams ; this was at least fifty-seven days old. 
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No. 636. February 5th, ten pouch young at least a week old. March 24th, 
the ten young weighed: 8.45 and 6.05 grams; 0-37, 9.25, 8.81, 8.44, 8.14, 

7.89, 7.59, 7.19 — an average of 8.8 grams for flfty-four-day-old pouch young. 

No. 648. February 10, 1921, six pouch young about four days old. March 10th, 
the six young weighed 21.4 grams altogether — an average of 3.57 grams; length, 
50 mm. Both mother and pouch young seemed rather lean. Age, thirty-two days. 

No. 747. Eeeeived January 14, 1922. January 22nd, one pouch young two 
days old; January 28th, aged eight days; it weighed 0.64 gram. 

No. 749. Pouch young born January 19, 1922. January 28th, at age of 
nine days, two were removed weighing 0.45 and 0.5 gram, respectively. February 
2nd, at age of fourteen days, three pouch young weighed 0.81, 0.735, 0.61 gram; 
average, 0.722 gram, One female measured 23 mm. 

No. 788. Eeeeived January 9, 1922, having been trapped, foot lacerated. 
Animal in early stage of pregnancy. January 16th, she was placed in a table 

drawer about 6 inches deep, where she gave birth during the night to a litter 

of ten young. Only one succeeded in attaching to a nipple; it weighed 0.16 
gram. The other nine were dead and weighed together 1.2 gram, or an average 
of 0.133 gram each. 

No. 824. January 20, 1922, received wdien in early stage of 

January 30th, mammary glands very thick and turgid, as when near term. 
March 24th, three pouch young, fifty-two days old, measure 68 mm. each and 
weigh 15.9, 14.9, 14.4 grams; average, 15.1 grams. 

No. 861. January 22, 1922, pouch young two days old. February 20th, 

their weights and measurements were as follows: J, 4.23 grams; ^*02 grams; 
c?, 3.98 grams (46 mm.); J', 3.95 grams; 3.52 grams; $, 3.33 grams; and 
two others, sex not recorded, each 3.9 grams in weight ; average of all, 3.82 grams ; 
age, thirty-one days. 

No. 863. January 22, 1922, pouch young seventeen days old. February 1st, 
one pouch young, aged twenty-seven days, weighs 3 grams. 

No. 876. Pouch young born January 30, 1922. March 24tli, at the age of 
fifty-three days, one young was removed; its weight was 15.1 grams. At fifty- 
seven days (March 28th), five others were removed, weighing: 18.3; 18.0; 

c?, 17.5; 16.6; $, 12.5; average, 16.6. 

No. 883. Young born January 17, 1922. March 6th, at age of forty-eight 
days, two were removed; weights, 8.85 and 8.50 grams; length, 55 mm. At 
fifty-three days of age (March I8th), the following were removed: 5, 15.6; 
5, 15.4; 5, 14.9; 14.4; J) 13.4 grams. They measured 66 to 70 mm. 

No. 884. January 24, 1922, eight pouch young were about five days old. Ee- 
moved them February 4th. Tlieir weights were as follows: 0.96, 0.94, 0.91, 
0.91, 0.91, 0.9, 0.9 — a very uniform series. Average weight, 0.92 gram; age, 
seventeen days. 

APPENDIX C 

Data concerning opossum pouch young 15 grams or more in weight, 
arranged in order of size. 

No. 148. Length, 63 mm. ; estimated weight, 15.0 grams. March 30, 1915. 

No. 1002. Large litter. May 1, 1925. One young weighed 12.5 grams, a 
female, 15.0 grams. 
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No. 883. Fifty-three days old, March 18, 1922. Average weight, 14.7 grams. 

1. 5, 13.4 grains. Eyes closed; lips separated further on left side than right. 

2. (^, 14.4 grams. Eyes?; lips separated. 

3. 5, 14.9 grams. Both eyelids and lips separated. 

4. 2, 15.4 grams. Eight eye open, left closed ; mouth open. 

5. 2) grams. Eyes closed ; mouth open. 

No. 824. Fifty-two days old, March 24, 1922. Average weight, 15.1 grams. 

1. (j*, 14.1 grams. No description. 

2. 14.9 grams, 68 mm., both eyes open in slits, lips separated. 

3. c^, 15.9 grams. One eye open, lips separated. 

No. 876. Fifty-seven days old, March 28, 1922. Average weight, 16.6 grams. 

1. 2) 12.5 grams. Byes open (slits) : mouth open. 

2. c?, 16.6 grams. Eyes closed ; mouth open. 

3. c?) 17-5 grams. Eyes closed ; lips partly separated. 

4. c?) 18.0 grams. 

5. <^, 18.3 grams. Eyes closed; mouth open on one side only. 

No. 139. 75-mm. pouch young (estimated weight, 16 grams), March 14, 1915. 

No. 905. July 2, 1923, 85-mm. pouch young (estimated weight, 21 grams). 

No. 907. July 17, 1923. Weights: 20.4, 21.1, 22.6, 23.5 grams. Eyes still 
closed, lips separated. 

No. 150. April 17, 1915, 95-mm. (estimated weight, 25 grams) pouch young 
running freely about the mother. May 25th, as large as rats. Estimated age, 
one hundred days. 

No.' 998. March 25, 1925, pouch young the size of small mice, 95 mm. (esti- 
mated weight, 25 grams). Definitive hair color indicated. 

No. 1007. May 14, 1925. A very uniform series. Eyes not yet opened, 
although the weights are much greater than others that had eyes open, as, 
e.g., nos. 824 and 876. Females: 27 grams, 102 mm.; 27 grams, 102 mm.; 28 
grams, 104 mm.; 27.5 grams, 100 mm. Males: 26.5 grams, 100 mm.; 27.2 
grams, 100 mm.; 27.5 grams, 100 mm.; 28.0 grams, 100 mm.; 28.0 grams, 
103 mm. Average weight, 27.4 grams. 

No. 1005. May 2, 1925. 30 grams. Eyes open. 

No. 1003. May 1, 1925. 31 grams. Eyes open. 

No. 940. April 27, 1924. A litter of eight, 45 to 51 grams (average, 48 
grams) and 120 to 132 mm. (average, 126 mm.). This litter had been sui> 

plemented in nature by three larger young belonging to another female. The 

larger young weighed 101 grams and measured 170 mm. 

Nos. 66 and 67. End of March, 1915. 138-mm. pouch young (estimated 

weight, about 55 grams). 

No. .681., Caught May 25, 1921, in possession of two litters, her own of ten 
and a ‘borrowed’ one of about fourteen. Of the latter, two were said to have 
still had their eyes closed. This smaller litter escaped. The former litter 
ranged from 61.5 to 70 grams in weight; average, 66.6 grams. The mammary 
apparatus of the mother weighed 61 grams. 

No. 1006. May 3, 1925. Weights and measurements as follows: 78.75 grams, 
151 mm.; 80.5 grams, 152 mm.; 87.0 grams, 155 mm. The young were weaned, 
the mother’s nipples greatly retrogressed. T-wo young wandered away from the 
mother and joined female no. 1005, which had 30-gram young. 

No. 895. May 5, 1922: 1) 95 grams; 2) 95 grams, 158 mm.; 3) 157 mm. 
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No. 1009. June 14, 1925. The only litter of as many as fourteen pouch 
young that I have personally ever seen. With the mother, but no longer suckling. 
1) 132 grams, 193 mm.; 2) 134.5 grams, 193 mm.; 3) c?, 138.5 grams, 

197 mm.; 4) 147.5 grams, 190 mm. 

No. 1013. May 11, 1925. A litter of eight, average size, 145 grams, 185 mm.; 
except for one 'runt’ of 92 grams, 140 mm. Range of the normal seven; 121 
grams, 178 mm. to 165 grams, 203 mm. 

No. 1001. This animal is remarkable for several reasons. She was a rather 
lean black female which, May 1, 1925, had six young the size of rats clinging 
to her and one small red pouch young, a day or two old, attached to a teat 
in the pouch; other nipples indicated the recent attachment of other newly 
born young that had been lost. The weight of the three large young; 140 
grams; 5, 155 grams; 155.2 grams. The color of the young was as follows: 
four were gray, the common phase of D. virginiana; one black, like the mother; 
one black, with a light sprinkling of white overhairs. 

No. 939. February 15, 1924, caught by boys when the pouch young were ‘the 
size of a pecan,’ estimated by me to be at least twenty-one days old. When 
independent of the mother, the young were allowed to run free in the woods, 
but returned to the kitchen for food. April 28th, one of the young was brought 
to me, a male, 250 mm. in snout-rump length, aged not less than eighty-eight, 
nor more than ninety-five days. 

No. 1008. Male, captured May 25, 1925; 290 grams, 244 mm. 


APPENDIX D 

Data concerning adolescent females, 9B0 grams or less in weight, in part entered 
in the chart, text figure A 


PROTOCOL 

NO. 

WEIGHT 

(grams) 

SNOUT- 

RUMP 

LENGTH 

REMARKS 

226 

660 

345 

10.5-mm. embryos, February 11, 1915. 

234 

650 

350 

Pseudopregnant March 17, 1915. 

275 

503 

310 

Prepuberty, January 5, 1917. 

276 

601 

325 ! 

Prepuberty, January 5, 1917. 

278 

651 

320 j 

Prepuberty, January 5, 1917. 

281 

590 

290 

Prepuberty, January 5, 1917. 

321 

900 

375 

Fetuses, January 26, 1917. 

337 

840 

340 

Fertilized eggs J anuary 28, 1917. 

339 

900 

350 

Fertilized eggs J anuary 28, 1917. 

375 

1 885 

350 

Fetuses, February 1, 1917. 

474 

867 


First oestrus, February, 1921. 

476 

683 


First oestrus, end of February, 1921. 

497 

920 

297 

Early prooestrum, January 10, 1921. 

548 

850 

— 

Immature, January 23, 1921. 

671 

— 

‘ tiny ’ 

7-gram pouch young, March 24, 1921, 

684 

373 

245 

Immature, May 31, 1921 (estimated age, 41 months) . 

901 

608 

305 

Immature, January 20, 1923. 

1008 

290 

244 

1 Immature, May 25, 1925. 
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PLATE 1 

EXPLANATION OP FIGURES 

The eight figures in this plate illustrate four different developmental intervals 
as ascertained hy successive removal of the two uteri of the same animal. In 
each of the four eases the embryos attained nearly the same stage of development 
at the end of the intervals. Figures 3 and 7 are cleavage stages of about sixteen 
cells (X 8); figure 1, small vesicles ■ndth evident polarity, early entoderm forma- 
tion (X 40) ; figure 3, bilaniinar blastocysts (X 8), 

1 and 2 No. 544, seven days’ development. 

3 and 4 No. 561, seven and one-half days’ development. 

0 and 6 No. 585, five days’ development. 

7 and 8 No. 841, seven and five-eighths days’ development. 
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PLATE 2 

EXPLANATION OF FIGURES 

f) to 12 Relate to no. 582. Figure 9, bilaniinar lilastoeysts, X 8, Figure 10, 
the vesicles of the surviving uterus two and three-quarter days later, natural size ; 
photographed alive in salt solution. One of the embryos with six somites is shown 
in figure 12, protographed by transmitted light in alcohol after cutting the lower 
hemisphere away (X 16). Figure 11, ova of no. 795 of the same stage as 582', 
showing the embryos on the surface of the vesicles as they appear alive in salt 
solution (X 3). 

1^ An embryo of no. 314', looking into the chorionic vesicle (X4), The 
head of the embryo is flexed as in figure 14, protruding into the vesicle. Nine 
days posteoitum, five and one-half days after the early vesicular stage, 

14 An embryo of no. 360, three days after the 1-mm. blastocyst stage. The 
proamnion has been removed to the vitelline vein, which can be seen just eaudad 
of the fore-limb bud. The heart and pharyngeal clefts are well shown. No 
allantois is as yet visible. 
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PLATE 3 


EXPLANATION OF FIGURES 

15, 16, and 19 relate to no. 380. Figure 15 is one of the eggs recovered at 
the first operation (X 16, photographed in alcohol by transmitted light). The 
egg represents the end of the ‘proembryo,’ the beginning of the actual embryo 
(beginning of the medullary plate). Yet in five and one-half days the embryo 
is destined to be born! In twenty and one-half hours the medullary groove has 
exceeded the primitive streak in length, as seen in figure 19. The embryo is 
slipper-shaped (‘shoe-sole’ embryo) and the first somites are about to appear. 
The photograph was made by reflected light. This egg is one of the litter shown 
in figure 16, photographed alive in the open uterus, natural size. 

17 Two ova, formative and trophoblastic halves, of litter no. 486. X 16. 

18 The stage reached twenty and one-half hours later (X 8). The limits of 
the mesoderm, the heart rudiment, somites, neural groove, and brain are well 
shoMTi. The pair of lobes on the sides of the brain are strands of head mesoderm 
(compare Selenka, ’87, Fig. 4, Tafel XX). 

20 Embryo of no. 134', within its chorion. The anterior limb bud is well 
ditferentiated. A portion of the y'olk sac covers the small allantois, ten days 
posteoitum. 
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PLATE 4 


EXPLANATION OP FIGURES 

Figures 21 to 29 represent altogether about one day ’s development, that is, from 
the seventeenth hour of the seventh day to the eighteenth or nineteenth hour of 
the eighth day (text fig. D). Text Aguro C gives the intervals involved in the 
eggs shown in figures 2(1 to 29. All photographs ivere made by transmitted light 
with the eggs in alcohol, the non-formative half of the eggs removed. X Kl- 

21 and 24 No. 346. In figure 21 egg 346(1) is still in the bilaminar condition; 
in figure 24 the egg, 346'(2), has the mesoderm occupying an elliptical area about 
the primitive streak; the embryonic area is beginning to elongate. 

22 and 23 Eggs 353'(3) and 353'(5). The former has twenty-seven meso- 
dermal cells; the latter about 125, seen as a cloud in figure 23. 

25 Egg 338(9). The spread of the mesoderm is well shown. No time rela- 
tions are known for tliis egg. 

26 Egg 337'(1), four and one-half days after the sixteen-celled stage. A small 
mesoderm-free area still persists at the anterior margin of the embryonic area. 

27 Egg- 560(1). Mesoderm has spread beyond the margin of the embryonic 
area ; medullary groove is hardly begun. 

28 Egg 344' (2). A short medullary groove is seen. This stage was attained 
(text fig. C) nearly three days after a late cleavage stage. 

29 Egg 298'(3). Eighty-six hours after the early vesicular stage, i.e., after 
cleavage had just ended. Note the limits of the mesoderm, the embryonic area, 
the primitive streak, the medullary groove (light area), and the notochord 
(shadow under the medullary groove). 
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AUTHOR’S ABSTRACT 

Notwithstanding the fact that several species of Bruchidae have been used by geneticists 
for several years, no cytological studies have as yet been made on any member of this 
family of the Coleoptera. The present paper gives a general account of the spermatogenesis 
of Bruchus quadrimaculatus Babr. 

The spermatogonia undergo two mitotic divisions. After the second division, the nuclei 
remain small and very dense for some time before the beginning of the growtli phase. 
During this interval the nuclei do not assume again the characteristics of the interkinesis 
stages. In the primary spermatocytes typical tetrads are formed. The chromosomes are 
asymmetrically V-shaped. The end of one arm of the 'V fuses with the end of the corre- 
sponding arm of its synaptic mate. Disjunction takes place in the primary spermatocyte 
division. After the division of the secondary spermatocytes, the chromosomes become vesicu- 
lar and form a reticular nucleus in the spermatid, after which the chromatin becomes 
deposited as a chromatin rim around the nuclear periphery. The diploid number of chromo- 
somes is nineteen in spermatogonia and in male somatic cells, and twenty in female 
somatic cells. An unpaired X chromosome is present in the spermatogonia, which fails tc 
divide in the primary spermatocyte division, but passes as a whole to one pole in advance 
of the autosomes. The X chromosome divides normally in the secondary spermatocyte divi- 
sion with the autosomes. 

In the method of sex determination, Bruchus does not follow the method of the 
majority of beetles, since most of those studied adhere to the X-Y type. 


Although the beetles have received considerable attention 
from cytological investigators, there still remain families upon 
which no cytological studies have been made. One of the 
latter is the family Bruchidae, which in recent years has been 
employed by geneticists for work in this field. . Bruchus 
quadrimaculatus has been used by J. K. Breitenbecher for 
about nine years. Several Bruchidae, but chiefly B. chienen- 
sis, were employed by S. H. Skaife ( ’25). The writer (Brauer, 
’25) reported on the embryological development of B. quadri- 
maculatus, but made no attempt at a study of the germ cells 
at that time. Brooks (’22), in a ‘Preliminary note’ on the 
chromosome number of the first spermatocyte of B. quadri- 
maculatus, made a tentative estimate of the number of chro- 
mosomes from polar plates of the primary spermatocyte 
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spindles. This report, however, was in itself so meager in 
details and based upon such scanty evidence, that the number 
was still doubtful. In the present paper I suggest that his 
figures illustrating the reductional division are questionable. 
The problem of chromosome behavior in spermatogonia and 
spermatocytes, chromosome number in these cells as well as 
the method of sex determination, were left untouched. 

In this paper it is the writer’s purpose to give a general 
account of the spermatogenesis of B. quadrimacnlatus, Fabr., 
from the early spermatogonia to mature spermatozoa, as well 
as to demonstrate the chromosome number in spermatogonia, 
primary and secondary spermatocytes and in somatic cells 
of both sexes. The behavior of the sex chromosomes will, of 
course, receive attention. 

METHODS EMPLOYED 

Since the beetles are readily incubated in the laboratory, 
lack of sufficient material of the proper stages is not a factor 
in this problem. The chief difficulty is that the beetles are 
small in the adult stage and smaller still in many of the 
critical larval stages, so that methods of obtaining gonad 
sections had to be devised. The insects were incubated at 
a constant temperature of 30° C. and in a very nearly satu- 
rated humidity. The chronological development under these 
conditions is briefly as follows. Embryonic development of 
larva in the egg requires five days. Larval life in the cow 
pea requires nine days. Pupal life to the time of emergence 
occupies five days. The entire cycle consequently from ovi- 
position to emergence is completed in nineteen days. Since 
the insect emerges as adult, the females begin to deposit the 
eggs within a few hours after emergence. In speaking of 
pupae removed on the fourteenth day, we have in mind the 
entire nineteen-day period of development, and the degree 
of development is practically constant for these conditions. 

The maturation cycle of the germ cells begins at approxi- 
mately the eighth day and is practically completed by the 
sixteenth day, or about two days before emergence of the 
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adult. The entire abdomens of the removed larvae and pupae 
were prepared by standard cytological methods and the 
abdomens served as a guide for exact orientation of the 
gonads for sectioning. Some of the best spermatogonial and 
spermatocyte phases were seen in smears, and it was from 
these that many of the drawings were made. Embryos of 
twenty to thirty-six hours’ incubation were employed for 
chromosome counts in somatic cells. 

Each testis is a bipartite body lying in the center of the 
posterior part of the abdomen in the sixth, seventh, and eighth 
segments, lateral to the intestine. These bodies are well dif- 
ferentiated by the eighth day of incubation. There is ap- 
parently no difference in the degree of development of the 
germ cells of the two testicular parts, hut some of the cysts 
in each of these parts may be considerably more advanced 
than others. The cysts in the periphery of the testes are 
usually in advance of those nearer the center of these bodies, 
and this relationship is maintained until they become mature 
spermatozoa. 


THE SPERMATOGONIA 

The nuclei of the spermatogonia of the eighth day have 
attained their greatest size. Their average diameter is at 
this time 5.7 [i. The chromatin lies in irregular masses and 
appears to be peripherally disposed, while the linin threads 
nearer the center contain relatively little (fig. 1). Some nuclei 
show a large dense mass of this material, which may be the 
intensely stained body which in spermatocytes is recognizable 
as the sex chromosome. Since the chromatin at this time 
lies on the nuclear periphery and because the center is cor- 
respondingly clear, the nuclei are well defined. Mitotic divi- 
sions are not uncommon among spermatogonia of the eight- 
day larvae in regions showing more advanced stages of 
development (figs. 5, 6). In the cells of cysts adjacent to those 
in which mitosis is in progress, the spermatogonial nuclei 
appear more like those of figures 2, 3, 4. The chromatin 
becomes more evenly distributed over the linin network to 
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form a continuous spireme. A condensation follows this 
and then a segmentation into chromosomes (figs. 4, 5). In 
the former figure the chromosomes are still long and lie in 
various focal planes. This is followed by a rapid condensa- 
tion in which the various shapes assumed by the chromosomes 
can be seen. Nuclei in which the full spermatogonial number 
can be counted at this time are not common, because of the 
difficulty and uncertainty of counting them when they lie at 
different levels. From metaphase plates, however, of the 
first spermatogonial division, the number was determined to 
be nineteen (fig. 8). Morphologically, a number of the chro- 
mosomes are seen as irregnilar ^V’s,’ sometimes sharply bent 
and sometimes rounded into ‘XT’s.’ In general, they cor- 
respond in shape with those of other coleopterous families. 
The chromosomes, however, show considerable variation in 
shape in the cells of different individuals, and even in different 
cells of the same individual. The chromosomes are seen enter- 
ing a spindle in figure 5. 

The metaphase and anaphase of the first spermatogonial 
division resemble corresponding stages of somatic mitoses. 
The chromosomes are closely massed and proceed to the poles 
in the same plane. Each polar mass is surrounded by a 
considerable amount of uniformly staining cytoplasm which 
stains less intensely than it did preceding the division. 

From the tenth to the twelfth day, the spermatogonia un- 
dergo their last divisions, and by the end of this time some 
have begun their growth as primary spermatocytes. It is 
not unusual to find in larval testes of eleven to twelve days, 
in practically all of the cells, the dense chromosomal clumps 
that mark the completion of this division. 

The last spermatogonial division is apparently not pre- 
ceded by the elaborate prophases that precede the first divi- 
sion, but seems to succeed this division immediately. The 
telophase nuclei of the first division do not assume again the 
characteristics of the resting stages described for the former 
division, but the chromosomes remain intact, contracting 
somewhat to enter the spindle of the last spermatogonial 
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mitosis (figs. 7, 9). Here the chromosomes are short. Some 
of the smaller ones are almost spherical. The cytoplasm is 
very clear, so that the cells after division appear almost 
devoid of it (figs. 15, 16, 17). In the telophase the chromo- 
somes again lengthen, hut, until the cells begin their growth, 
these dense nuclear clumps remain surrounded by the clear 
cytoplasm and the distinct cell membrane. 

In the spermatogonial divisions the chromosomes, as a 
rule, lie in the same plane during the various mitotic phases. 
In metaphase they form an almost perfect plate (fig. 10), 
and in the successive stages advance toward the poles, and 
come into closer and closer contact as they near the poles. 
Figure 11 is an unusual division, for the reason that the pair 
of chromosomes lying lateral has apparently divided pre- 
cociously and off the equatorial plane. 

Since all of the chromosomes usually lie in the same plane 
in the spindles, unusually good polar views of metaphase 
and anaphase plates are often encountered in eleven- and 
twelve-day larval sections. The shape of these spindles in 
transverse sections is imperfectly elliptical or oval (fig. 13), 
but it may be polygonal (fig. 12). In these figures twelve 
or thirteen chromosomes lie in the outer ring and six or 
seven, as the case may be, occupy the center of the figure. 
An almost invariable count in plates shows nineteen chro- 
mosomes on the spindle, and when these are compared to 
the perfect plates seen in profile there seems little proba- 
bility that any have been excluded from the picture. 

PEIMARY SPERMATOCYTES 

Following the secondary division of the spermatogonia the 
nuclei are small and surrounded by little cytoplasm (fig. 14). 
Their average diameter is now but 4.7 n and they are dense 
with the heavily staining chromosomes of the preceding 
telophase (fig. 15). This stage is very characteristic in 
Bruchus. After the last spermatogonial division, there ap- 
pears to be a lapse of time before the spermatocyte nuclei 
begin their period of growth. Frequently, in larval sections 
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of eleven and twelve days, practically all of tlie cells in the 
testes are in this condition, with relatively few that have 
hegm their growth. The chromosomes of these dense nuclei 
elongate, but retain their staining reactions (figs. 16, 17). 
They are irregularly arranged and retain their characteristic 
shapes to some degree. Frequently, as many as fifteen may 
be counted. Goldsmith (T9) describes a condensation at 
the spermatogonial telophase, which, however, does not ap- 
pear to continue in the spermatocyte nuclei to the extent that 
it does in Bruchus. Nowlin (’06), on the other hand, states 
that the telophase nuclei pass immediately into the synaptic 
knot, in Goptocycla, and she shows no intervening stages. 
Hayden (’25) has carefully shown the growth phases of the 
spermatocytes for the beetle Phanaeus, but here the telophase 
nuclei of the spermatogonia apparently pass immediately into 
the leptotene thread. According to Nonidez (’20), in Blaps, 
the nuclei after the last spermatogonial division again become 
typical resting nuclei with interkinesis characteristics. 
Stevens (’06, ’09) has not described presynizesis phases for 
the many beetles with which she worked, so that it is not 
possible to tell whether this stage is characteristic for other 
Coleoptera. 

From the twelfth to the thirteenth day, the nuclei begin 
their growth. The chromosomes elongate to form a leptotene 
thread (figs. 18, 19, 20). Others are found in synizesis (figs. 
21, 22). At the time synizesis occurs the nuclei are large 
and the synaptic knot occupies only a part of the nucleus. In 
some nuclei this seems to be a formless tangle (figs. 21, 22), 
while in others there is a more definite arrangement and 
orientation of the loops. With the loosening and lengthening 
of the loops, this is even more apparent (figs. 23, 24). In 
postsynizesis nuclei the diplotene threads are loosely ar- 
ranged and feathery (figs. 25, 26). In many of them a longi- 
tudinal split is apparent (figs. 27, 28). The threads contain 
a number of densely staining bodies, and a plasmasome may 
be seen. In sections the nuclei at this time have an average 
diameter of 7.8 p, which is the largest size attained by the 
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male reproductive cells. In smears they are somewhat larger 
(fig- 29). An increasing tendency to stain densely can be 
noted as the threads shorten (figs. 30 to 32). 

THE SEX CHROMOSOME 

The sex chromosome could definitely be distinguished for 
the first time in the metaphase plate of the first spermato- 
gonial division (fig. 8). Here it appears as an elliptical body, 
whereas the autosomes have the form of ‘V’s.’ It remains 
more nearly uniform throughout the various cell generations 
and throughout the cycle of the same cell than do the auto- 
somes. During the mitotic division of the spermatogonia 
the sex chromosome divides with the autosomes in the meta- 
phase plate, and after division the two parts of the divided 
chromosome remain in line with the others. 

During synizesis this body cannot usually be distinguished 
in the spermatocytes, but during postsynizesis the chromo- 
some is again visible as a sharply defined elliptical body (figs. 
25, 29). Here the chromosome stains densely and appears 
to lie in an individual vesicle at the periphery of the nucleus. 
When Anewed from the side, there appears to be a bulge in 
the nuclear membrane because of this vesicle (fig. 25). The 
plasmasome can usually be readily distinguished from the 
sex chromosome, as it destains much more readily than the 
latter and lies deeper in the nucleus. 

THE TETRADS AND THE PRIMARY SPERMATOCYTE DIVISION 

Excellent tetrad groups were found in smears of primary 
spermatocyte nuclei just preceding the first maturation divi- 
sion (figs. 33, 34). The tetrad type that is common in beetles 
is found in Bruchus. The chromosomes are in the form of 
asymmetrical ‘V’s’ and the longer arm of the ‘Y’ fuses with 
the corresponding arm of its synaptic mate, giving the 
bivalent the form of a double hook, or occasionally, when seen 
in profile, the form of an ‘E.’ The longitudinal groove in 
the fused chromosomes is at this time very conspicuous, so 
that actual tetrads are produced. 
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The tetrads become arranged on the spindle in the first 
maturation figure with their longitudinal axes parallel to the 
long axis of the spindle. The spindle fibers are attached 
to the apex of the ‘V’ and the fusion point of the ‘V’ arm lies 
on the equator of the spindle (figs. 35, 36). As disjunction 
takes place the fused arms are often drawn out enormously 
before separation takes place (fig. 37). In one pair of 'J’s’ 
the long arms are fused with the hooks turned in opposite 
directions (figs. 33, 37). This, however, seems to be an 
unusual synapsis. The X chromosome, having no synaptic 
mate in this division, is drawn to one pole peripheral to, and 
in advance of, the disjoined autosomes. In cross-section the 
spindles are oval or circular in shape. Seven or eight chro- 
mosomes lie in the outer ring and one or two members are 
usually found in the center. The X chromosome lies in the 
outer ring, occasionally even outside the outer circle (figs. 
38 to 41). If the spindle is sectioned as the chromosomes 
approach the poles on the side of the spindle containing the 
X member, all of the chromosomes may be in the same focal 
plane, while in sections near the equator the X chromosome 
will be dimly in focus or entirely out of the picture. Fre- 
quently, in polar views when all of the chromosomes are in 
the same focal plane, it becomes difficult to distinguish be- 
tween the X chromosome and autosomes. 

THE SBCONDAEY SPEEMATOCYTE DIVISION 

The secondary division of the spermatocytes follows the 
first immediately. The haploid chromosomes become ar- 
ranged on the spindle with the longitudinal groove on the 
equator of the spindle (fig. 42). In the figures containing 
the X chromosome this member again usually lies peripheral 
to the autosomes, as it went into the telophase in the first 
spermatocyte division (fig. 49). The X chromosome now 
divides into two equal parts which pass poleward with the 
autosomes. Here again the chromosomes of each group all 
lie in the same plane. The spindles are shorter than those of 
the primary spermatocyte, but are relatively broad in the 
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metaphase (figs. 43, 44). In smears, half or more of the 
chromosomes may be visible in profile views. A considerable 
amount of cytoplasm still surrounds each pole and this often 
appears fibrillar (figs. 45, 46). Chromosome counts made 
from a large number of transversely cut spindles showed 
that approximately half of these contained nine, and the 
remainder contained ten chromosomes (figs. 45 to 48). 

In the telophase of this division the chromosomes appear 
to swell and stand out as distinct and separate elements even 
in profile view (fig. 50). A tendency to become vesicular, with 
a loss of staining ability, begins to manifest itself in the cen- 
tral portion of each chromosome. Slightly later, this is seen 
distinctly in polar views (figs. 51, 52). Here the chromatin 
becomes aggregated on the periphery of each of these chromo- 
somal bodies, and they become closely appressed and give to 
the entire nucleus a reticular appearance, with a mesh repre- 
senting each chromosome. Nine of these vesicular bodies 
were counted in many of the nuclei. There now becomes ap- 
parent a tendency for the chromatin to become arranged on 
the nuclear periphery, so that the effect is to produce a nu- 
cleus that is clear in the center, with a rim of chromatic 
matter just inside the nuclear boundary (fig. 53), but with 
the reticular threads in the center of the nucleus still contain- 
ing traces of chromatin. The threads at one side of the nu- 
cleus now break and seem to be pressed or drawn to the pe- 
riphery, often leaving the center of the nucleus very clear 
(fig. 54). 

I fail to find in the literature of coleopteran spermato- 
genesis the description of a spermatid nucleus of this kind, 
but probably a near approach of it is found in the spermatid 
nucleus of Squilla oratoria: Crustacean (Komai, ’20). Here 
the chromosomes of the telophase of the secondary spermato- 
cyte division form a compact chromatin mass, according to 
the author, until it gives the nucleus a reticular appearance. 
After the nucleus has maintained this structure for some 
time, some of the reticular meshes coalesce to produce a 
large mesh which presses the remaining part of the network 
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against one side of the nucleus into a crescent-shaped mass. 
The author does not state whether the number of meshes 
which appear in the chromatic mass have their origin in each 
of the chromosomes or whether their number corresponds to 
the chromosome number. The nuclei to some extent seem to 
resemble those of Bruchus, excepting that the meshes are not 
nearly so regular. In Squilla the chromatin is carried to the 
nuclear periphery only after the coalescence of some of the 
meshes, to produce a crescent-shaped mass, while in Bruchus 
the chromatin is deposited on the nuclear periphery while the 
network in the center of the nucleus is still very much intact. 

The nuclei now begin to stain more densely, biit continue 
to destain from the center outward. The cytoplasm becomes 
distinctly fibrillar. A clear area first appears around the 
nucleus and advances as the cytoplasm elongates and becomes 
narrower. The axial filament courses through the cytoplasm 
from a small prominence at the base of the nucleus and pro- 
jects from the lower end of the fibrillar cytoplasm (figs. 55 
to 57). 

It has not been possible to distinguish the spermatids which 
carry the sex chromosome from those which do not in the 
stages described above. Attempts to identify it in the vesicu- 
lar stage were not successful. 

The spermatozoa are long slender threads in which it is 
scarcely possible to distinguish different areas. In figure 
58 there appears a small clear area at the tip of' the head and 
slight irregularities in the middle-piece region. The mature 
spermatozoa have a length of 130 g and in normal salt solu- 
tions show a sluggish motility. 

SOMATIC MITOSIS 

Somatic cells showing chromosome morphology and number 
were selected from ectoderm, entoderm, mesoderm, or serosa 
of embryos of twenty-eight to thirty-six hours’ incubation 
where mitotic divisions are numerous and the cells are clear 
and distinct. 
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In these cells the chromosomes again appear as asym- 
metrical ‘V’s’ as they did in the spermatogonia, but are 
extremely variable in shape in different individuals and in 
different cells of the same individual. In the metapliase plate 
the vertex of the ‘V’ is directed toward the center of the 
spindle and the concavity is directed outward. The chro- 
mosomes of the outer ring form a circle. The members of 
the pairs usually lie near each other, but as in other insects 
they frequently do not. 

Chromosome counts from cells of some embryos showed 
twenty chromosomes with a pair of X chromosomes. The 
embryos with this pair of bodies may, of course, be designated 
as potential females (figs. A, B). Cells of other embryos 






contained only one X, and were designated as potential males 
(fig. C). 

Attempts to obtain desirable polar plates of pole cells 
proved unsuccessful, although much time was spent in trying 
to do this. Several views were obtained in which as many as 
fifteen could be seen. 


DISOUSSIOK 

The behaviors of the sex chromosomes of the beetles have 
been grouped into three different types. 

In type I are placed those which possess an unequal pair 
of sex chromosomes, commonly knovm as the X-Y type. Ac- 
cording to Harvey ( T6, ’20), thirty-five of the seventy-two 
species listed were of this tjq)e, but the method of sex deter- 
mination was not given in many of the beetles studied. 
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Stevens found this type in thirty of the forty-five species 
which she studied. The thirty species represent fourteen 
families. 

Type II has a bivalent X chromosome which passes un- 
divided to one pole in the first division, hut divides normally 
in the second division. In the forms in which this type is 
found both the male and the female somatic cells have an 
even number of chromosomes, but the female has two more 
than the male. This type was described for Leptinotarsa by 
Wieman (’10), and for several Ceccindelidae by Goldsmith 
(T9). 

Type III is characterized by the single odd chromosome in 
the male cells and is commonly known as the X-0 type. This 
type seems to be much less common in beetles than is the 
X-Y type. Prior to this paper, this type was found to occur 
in thirteen species representing seven families of Coleoptera. 
The chromosome behavior of ten of these species was reported 
by Stevens. In all of these species the unpaired X passes 
entirely to one pole in the primary spermatocyte division 
and divides with the autosomes in the secondary spermato- 
cyte division. The individual differences in its behavior need 
not be recounted here. 

This paper shows that Bruchus belongs to type III. 
Whether B. quadrimaculatus, like Chrysomela similis and 
Diabrotica vittata (Harvey, ’16), are exceptions to the type 
occurring most commonly in the family or whether the un- 
paired X is the rule in the family as it is in the Elateridae 
and Lampyridae, is not known. 

Brooks (’22) was able to demonstrate polar views of the 
first spermatocyte division for Bruchus, in which he showed 
plates containing, respectively, nine and ten chromosomes. 
From these views he surmised that ten was the haploid num- 
ber of chromosomes. His figures illustrating the polar views 
of this division are similar to my figures 38 to 41. In regard 
to his illustrations of the primary spermatocyte division, in 
which he illustrates the disjunction of the chromosome pairs. 
Brooks is clearly in error, for in no wise do his figures show 
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the form of the tetrads nor the manner of their rednction. 
The figure is problematical. If drawn on the same scale as 
his other figures, it might be taken for the secondary sper- 
matocyte division, were it not for the undivided X chromo- 
some which is featured. His figures of the anaphase of the 
same division (figs. 5, 6) do not agree with the former (fig. 3). 
In his figure 6 entirely too many elements are seen in this 
kind of view for an anaphase of the primary spermatocyte 
division. Figure 6 might well be mistaken for an anaphase 
of the spermatogonial division, or even for a somatic mitosis. 
In the primary spermatocytes the chromosomes are unmis- 
takably of the form of asymmetrical ‘V’s,’ each with a longi- 
tudinal groove, and synapsis takes place as illustrated in my 
figure 33. Brooks’ figures make it decidedly questionable as 
to whether he actually saw the spermatocyte divisions or mis- 
took for these the mitotic divisions of other cells. 

SUMMARY AND CONCLUSION 

1. The behavior of the autosomes in the germ cells of 
Bruchus quadrimaculatus during the spermatogonial, and 
first and second spermatocyte divisions agree in general with 
those of the other beetles which have been studied. 

2. Following the last spermatogonial divisions, there is a 
lapse of time before the spermatocytes begin their growth 
phases, but during this time the spermatogonial nuclei of 
the last division do not assume again the resting, or inter- 
kinesis stages of early spermatogonia, but the chromosomes 
retain the characteristics of the spermatogonial telophase. 
The leptotene thread is formed with the beginning of the 
growth period. 

3. Synizesis takes place when the primary spermatocytes 
have completed their growth. The manner of orientation of 
the loops is scarcely recognizable till the loops begin to 
lengthen postsynizesis. 

4. An unpaired X chromosome is present in spermatogonia 
which in the primary spermatocyte division passes to one 
pole undivided, in advance of the autosomes Which are under- 
going their reductional division. 
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5. The secondary spermatocyte division is an eqnational 
division for the antosomes and for the X chromosome in the 
cells which carry it. 

6. The telophase of the secondary spermatocyte division 
is marked by the appearance of a syncytium, the meshes of 
which develop from the chromosomes. 

7. The number of chromosomes for the various cells of 
Bruehus is as follows: spermatogonia, nineteen; primary 
spermatocytes, nine tetrads and one unpaired chromosome; 
secondary spermatocytes, nine and ten; somatic cells of 
embryo, nineteen and twenty. 

8. The manner of sex determination found in Bruehus is 
the type of the minority of the beetles studied; the majority 
belong to the X-Y type. 
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EXPLANATION OF FIGURES 

All figures drawn with camera lucida. Initial magnification, 1500 diameters. 
Enlarged to 3000 diameters and reduced one-third in printing. 

PLATE 1 

EXPLANATIOir OP PIOXJRES 

1 Eighth-day spermatogonia from a single cyst. 

2 to 4 Spireme stages preceding first, spermatogonial division. 

5 Prophase of first spermatogonial division. 

6 Telophase of first spermatogonial division. 

7 and 9 Spermatogonial nucleus after first mitotic division. 

8 Metaphase plate of first spermatogonial division. 
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PLATE 2 

EXPLANATION OF FIGURES 

10 and 11 Metaphase and anaphase respectively of second spermatogonia! 
division. 

12 and 13 Metaphase plate of same. ' 

14 Late anaphase of second spermatogonial division. 

15 to 17 Spermatogonial nuclei after the second mitotic division and preced- 
ing growth phases. 

18 to 20 Growth phases of primary spermatocytes. Leptotene nuclei. 

21 and 22 Synizesis. 

23 and 24 Post synizesis. Loosening of chromatin network. 

25 and 26 Diakinesis. 
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PLATE 2 
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PLATE 3 


EXPLANAa?ION OF FIGURES 


27 to 29 Diakineais. 

30 to 32 Condensation stages. 

33 and 34 Formation of tetrads. Synapsis. 
35 to 37 Division of primary spermatocyte. 
38 Polar view, showing nine chromosomes. 
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A COMPAEATIVE STUDY OF THE SPEEMATO- 
OENESIS OF FIVE SPECIES OP EAEWIGS^ 

WILLIAM PITT MORGAN 
Indiana Central College, Indianapolis, Indiana 


EIGHT PIGtTRES 


author’s abstract 

The following species of earwigs are used in this study: Labidura bidens, Labia minor, 
Auisolabis annulipes, Anisolabis maritinia, and Forficula auricularia. 

1. In all species the chromosomes are divisible into, a) autosomes and, b) XT-complex. 

2. The chromosome distribution is regular in Labidura bidens and Labia minor. The 
male diploid number is 12 and 14, respectively. Each has an XT-complex in which the 
X is a single chromosome. 

3. In both Anisolabis annulipes and Anisolabis maritima the male diploid number is 
25, or 22 autosomes and an XXY-complex. The two X components remain fused during 
the first spermatocyte division. 

4. The diploid number in the male of Forficula auricularia is 25 and 24. The chromo- 
some number is constant in the individual. The irre^larity is interpreted as due to the 
fusion of the two X components in the individuals with 24 counts and to these X com- 
ponents remaining separate in the earwigs with the 25 counts. 

5. An explanation is given for some of the variable results obtained in former studies 
of the chromosomes of Forficula auricularia. 

A The discussion considers the possible origin of the variations in chromosome numbers 
in the earwigs. 


INTRODUCTION 

The following comparative study of the chromosome be- 
havior ill the earwigs was begun in 1920, and a preliminary 
paper on Anisolabis annulipes was reported in 1922. Much 
difficulty has been encountered in obtaining specimens of 
certain species in sufficient quantities to complete their study. 

Beginning with Garnoy, in 1885, several cytological studies 
have been made on the European earwig, Forficula auricu- 
laria. Following the work of Garnoy, the other European 
cytologists reporting studies on this species were St. George 
(’87), Sinety (’01), and, finally, a more detailed study in 
two papers by Zweiger, in 1906, In this country Stevens 
(’10) and Payne (’14) have contributed to the cytological 
literature of Forficula auricularia. Although the above 

^ Contribution from the Zoological Laboratory of Indiana University, no. 214. 
Submitted in partial fulfillment of the requirements for the degree, Doctor of 
Philosophy. 
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papers have dealt primarily with the chromosomes, three 
other workers might he mentioned here: Pantel (12), 
Brauns (12), and Meeks (13). These workers, though di- 
recting their studies toward other phases of cytology, have 
incidentally covered the subject of chromosome distribution, 
but added little toward reconciling the diverse observations 
of previous workers. In a short paper, Payne has shown 
that the disagreement of the former observers was due, at 
least in part, to the great individual variation found in the 
behavior of the chromosomes of this species. In spite of this 
great mass of conflicting observations and explanations, it is 
hoped that the present paper, through a comparative study 
with other species, will make the conditions in Forficula 
auricularia more understandable. 

The earwigs native to this country seem to have been 
neglected. Randolph’s paper in 1908 on Anisolabis maritima 
was the first report. This species has been more recently 
reworked by Kornhauser and several inaccuracies corrected. 

Although the above summary of the literature has been 
stated only topically, it is sufficient to show that there has 
been disagreement in the results of these workers. Space 
has not been taken in the present paper to point out the 
inaccuracies in observation and explanation of former 
workers. 

The present investigation was made under the direction of 
Dr. F. Payne, to whom I am indebted for helpful criticism and 
advice and for his many splendid preparations of Forficula 
auricularia which have been used in this study. 

MATEEIAL AND METHODS 

Earwigs for this study were collected in several parts of 
the Dnited States (Florida, Alabama, Mississippi, New York, 
Indiana, California, and Louisiana), Zurich, Switzerland, and 
the Bahama Islands. They were in various stages of develop- 
ment, from young nymphs to old adults. The material was 
identified by A. N. Caudell, of the Bureau of Entomology, and 
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James A. G. Eehn, of the Philadelphia Academy of Natural 
Sciences. 

Various fixing and staining methods were tried, but the bulk 
of the material was fixed in Flemming’s fluid (strong) and 
stained with Heidenhain’s iron-hematoxylin. Some of these 
were counterstained with light-green or eosin. A small 
amount of the material was fixed with Benda’s modification 
of Flemming’s fluid and stained with alizarin and crystal 
violet. Smears of testes were made of Labidura bidens, 
Anisolabis annulipes, and Anisolabis maritima, but this ma- 
terial offered little advantage over sections for the study of 
chromosomes. 

In each species, except Labia minor, a great mass of ma- 
terial was fixed and sectioned so that the intensive part of 
the study was made from only the best of numerous excellent 
preparations. The large amount of material examined, espe- 
cially in Forficula auricularia, has offered excellent oppor- 
tunity to avoid inaccuracies and to check individual varia- 
tions. The European material was procured and prepared 
by Doctor Payne. 

The drawings were made with the aid of the camera lucid a, 
using a 1.5-mm. Zeiss apochromatic objective and 10 X com- 
pensating oculars on a 7J Spencer microscope. After the 
usual correction, these drawings were enlarged to twice the 
original size and again corrected, so that the figures are 
believed to be essentially accurate. The magnification of the 
finished figures was about 3800 diameters. In reproduction 
the drawings were reduced to about 2500 diameters. 

DESCEIPTION 

Labidura bidens Oliv. 

Specimens of this species were collected in the locality of 
St. Petersburg and Dundee, Florida, New Orleans, Louisiana, 
and Bahama Islands. Most of the material came from the 
first-mentioned locality. 
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By counting tlie clear metaphase plates of the spermato- 
gonia of many individuals, the diploid number of the male 
was found to be 12 (fig. 1, A, B, and C). Several oogonial 
counts showed the female number to be the same as the 
male (fig. 1, B). Due to differences in size and shape, the 
homologous pairs could be easily distinguished in the best 
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Pig. 1 A, B, C, spermatogoiiial metapliase "witli 12 cliromosoiHes ; D, oogonial 
metapliase witli 12 chromosomes; B, lioinologoiis pairs of oogonial chromosomes; 
F, spermatogoiiial chromosomes grouped in homologous pairs; G, H, first 
spermatocyte polar view, showing 6 chromosomes; I, group of unequal pairs 
of first spermatocyte; J, all the chromosomes of a single cell in side view; K, 
L, second spermatocyte metaphase witli 6 chromosomes. 

piepaiatioiivS^ (fig, 1, E, F). In comparing tlie individual 
spermatogonial and oogonial chromosomes it was seen that 
the diploid female group lacked one small chromosome found 
in the male group. In the spermatogonial chromosomes two 
individuals could not be paired. One of these was similar 
to the chromosomes of one of the oogonial pairs, but the other 
seemed to be characteristic of the male cells. From the above 
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facts and the following evidence from its behavior, it seemed 
warranted to speak of this small chromosome as the Y and the 
other unpaired chromosome as the X. 

From the late anaphase of the last spermatogonial division 
the nucleus reorganizes into a network with two nucleoli. The 
nuclear network becomes the large, flocculent, lightly staining 
masses commonly called prochromosomes, while the nucleoli 
remain distinct. As growth proceeds, these prochromosomes 
change into the spireme filaments. These autosomal threads 
present nothing irregular in their behavior. The two deep- 
staining nucleoli (fig. 2, A) unite so that in the early prophase 
of the first spermatocyte division only one irregular mass is 
seen. The actual union of these bodies takes place as early 
as the leptotene stage in some cells, while in others it is 
delayed until the diplotene. 

Figure 2, D shows the ring type of chromosome formation 
in the prophase of the first spermatocyte division similar to 
that described by Payne (’14) in Forficula auricularia. In 
later prophase the chromatin nucleolus becomes distinctly 
bilobed and passes into the metaphase of the first division 
as an unequal pair of chromosomes. Figure 1, 1 shows several 
of these unequal pairs. 

Figure 1, G- and H show polar views of the first spermato- 
cyte division with 6 chromosomes. This number was constant 
in several hundred counts of the first and second divisions 
(fig. 1, G, H, K, and L). Figure 1, J shows all of the first 
spermatocyte chromosomes in side view. All the chromo- 
somes including the unequal pair divide and appear as a 
dense clump of chromatin in late anaphase. There is a 
nuclear reorganization in interkinesis in which all chromo- 
somes may be distinguished (fig. 2, F and G). 

Following the resting stage, all six chromosomes divide 
in the second spermatocyte division, so that each spermatid 
receives 6 chromosomes (fig. 2, H). 

From the above description it is evident that in Labidura 
bidens the diploid number of chromosomes is 12, or 10 auto- 
somes and an XY pair. These chromosomes behave nor- 



246 


WILLIAM PITT MOEGAlSr 


mally in both spermatocyte divisions so that each spermatid 
receives 6 chromosomes, i.e., 5 aiitosomes and either an X 
or a Y chromosome. From the study of the oogonial chromo- 
somes, it is inferred that all the ova receive 5 aiitosomes and 
an X chromosome. 


Lahia minor Linn. 

Material for the study of this species was collected at 
Winona Lake and Indianapolis, Indiana. Only a few speci- 
mens were obtained, but these were sufficient for working out 
all the meiotic stages except the late prophase of the first 
spermatocyte division. 

In many ways the chromosomes of Labia minor resemble 
those of Labidura bidens. Even the form of the chromo- 
somes is much alike in the two species (fig. 3, A, B). 

The diploid number is 14. Figure 3, C shows the spermato- 
gonial chromosomes grouped in homologous pairs with two 
chromosomes of unequal size designated X and Y. Only a 
few oogonial metaphase plates were found and none was 
very clear. . Figure 3, I) shows one of these with 14 chromo- 
somes. 

Following the last spermatogonial division, the nucleus re- 
organized into the network stage (fig. 3, E) where two deep- 
staining bodies were very conspicuous. This stage was fol- 
lowed by a period in which the chromatic material became 
massed into large irregular prochromosomes (fig. 3, F) which 
unravel to form the later spireme similar to that seen in 
Labidura bidens. The two deep-staining bodies of the earlier 
stage could be distinguished with difficulty among the large 
prochromosomes. As to their subsequent behavior, not 
enough material was available to trace them with certainty, 
but it is inferred that these two bodies unite to form the one 
deep-staining chromatin nucleolus in the later growth period 
(fig. 3, Gf), which, judging from the condition in other earwigs 
studied, probably becomes the unequal pair seen in the first 
spermatocyte metaphase. 
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From the numerous counts of first spermatocyte metaphase 
plates the number of chromosomes here was determined to 
be 7 (fig. 3, I, J). The side views of this stage showed an 
unequal pair to be present similar to that in Labidura bidens 
(fig. 3, H). Although it was not possible to compare the 
homologous pairs of the female with those of the male, the 
large chromosome of the unequal pair is probably the X 
element and the small chromosome the Y element (fig. 3, C). 

The chromosomes separate normally in the first spermato- 
cyte division and pass into the rest stage, where they remain 
as distinct masses. Fignire 3, K and L give polar views of 
the second spermatocyte. Here the chromosomes divide nor- 
mally passing into the spermatids. 

Anisolabis annulipes Lucas 

Specimens of this species were collected in the locality of 
New Orleans, Louisiana, Mississippi College, Mississippi, 
West Palm Beach, Florida, and La Jolla, California. By 
studying a great number of clear metaphase counts, the sper- 
matogonial number in Anisolabis annulipes was shown to be 
25 (fig. 4, A, B) and the female number 26 (fig. 4, C). 

Following the last spermatogonial division and in the early 
growth period the nucleus contains two deep-staining bodies 
as in figure 4, D. (The plasmosomes have not been shown.) 
These bodies approach each other and unite (fig. 4, E), so that 
in the pachytene stage only one irregularly shaped mass is 
found. The actual time of union varies considerably in dif- 
ferent cells, but it normally preceded the pachytene stage. 
As shown in figure 4, F, this deep-staining body becomes 
distinctly bilobed. In later prophases it condenses into a 
bivalent chromosome with one of the parts much larger than 
the other. Occasionally this chromosomal mass breaks up 
into a large bivalent and a small univalent, as in figure 4, H. 

With the spermatogonial number of 25 it was to be ex- 
pected that the first spermatocyte number would be 13, but 
such was not the ease. Ninety-two per cent showed 12 chro- 
mosomes (fig. 5, A). The study of side views showed clearly 
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that a univalent chromosome did not lie in a different plane 
from that of the bivalent chromosomes, nor did it pass to the 
pole before the division of the bivalents. In a few cells 
examined a small univalent chromosome could be seen in the 
side views (fig. 5, C, D). Its presence plus the 12 bivalents 
accounts for the 13 chromosomes in some of the first spermato- 
cytes (fig. 5, B), 










Fig. 4 A, B, spermatogonial metaphase, showing 25 cliromosomes ; C, oogonial 
metaphase with 26 chromosomes; D, E, P, growth period and early prophase, 
showing chromatin nucleoli becoming large bivalent; 6, prophase chromosome 
group with large bivalent; H, prophase group, showing small element. 


The metaphase plates of the second spermatocyte division 
showed no such irregularity in chromosome behavior as that 
found in the first division. Of the 513 counts made of the 
chromosomes of this division, 280 showed 12 (fig. 5, N) and 
233 showed 13 (fig. 5, 0). A study of the side views of meta- 
phase and anaphase figures showed all chromosomes divided 
normally. 

From the above facts the real problem in this species was 
to account for the disappearance of the univalent chromo- 
some that was present in the spermatogonial metaphase and 
its reappearance in half of the second spermatocyte divisions. 
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. In the growth period and early prophase the dark-staining 
bodies gave rise to an ‘unequal pair’ of chromosomes which 
passed normally into the metaphase stage. A study of the 
side views showed only a few cases where a univalent chro- 



Fig. 5 A, first spermatocyte metaphase with 12 chromosomes; B, first spermato- 
cyte groups witli 13 chromosomes; C, D, side views, .showing small univalent; 
E, F, side views, showing tripartite groups with parts nearly equal; G, tripartite 
groups in various stages of division; H, a typical lagging chromosome in first 
spermatocyte; I, division of lagging chromosomes; J, K, serial sections of a 
cell in later anaphase; L, M, resting nucleus between first and second spermato- 
cyte divisions; N, second spermatocyte metaphase with 12 chromosomes; 0, 
second spermatocyte with 13 chromosomes. 
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mosome was present. In these cells a close examination 
of the chromosome pairs showed that the parts of all bivalents 
were of equal size. This seemed to indicate that in the cells 
having an unequal pair of chromosomes the large portion of 
the unequal pair was in reality the univalent plus another 
chromosome. This ^unequal pair’ will be referred to as the 
‘tripartite group’ in later description. In a great many of 
these ‘unequal pairs’ the large part showed no indication of 
being duplex (fig. 5, E, F, and the first two groups in figure 
5, Gr). As in figure 5, G-, various forms in the large element 
of the tripartite group showed that it consisted of two com- 
ponents. Since one part of this tripartite group was in 
reality two chromosomes, the cell receiving this part would 
contain one more chromosome than its sister cell. The num- 
ber of pairs being 11, each sister .cell would receive 11 of 
these halves (diads) plus either the small or large part of 
the tripartite group. Figure 5, J and K are serial sections 
of the same cell in anaphase. By counting the chromosomes 
in both figures the lower part shows definitely 12 chromo- 
somes, while in the upper part are 11 chromosomes and the 
bilobed mass that is slightly lagging. If this lagging indi- 
vidual is the larger part of the tripartite group representing 
two attached chromosomes, we have, then, 12 chromosomes 
passing to one pole and 13 to the other. In a study of the 
polar and side views of the late anaphase there was no evi- 
dence that these attached chromosomes separated before the 
resting stage between the first and second spermatocyte divi- 
sions. 

Another point of interest in the study of the side views of 
the first spermatocyte division was the occasional lagging 
chromosome in the early anaphase stage. Although the num- 
ber of lagging chromosomes in this species was very small 
when compared with Forficula auricularia, it was interesting 
because in Anisolabis annulipes only one of the chromosome 
pairs lagged behind the others during division. Figure 5, E 
and P show that the tripartite group lags slightly in the early 
anaphase. By following various stages of the division of 
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this group, it was found that many times the larger portion 
representing the two attached elements became very much 
elongated during the later anaphase. Figure 5, I shows the 
condition of lagging where the parts of the mass are divid- 
ing. One portion is very noticeably larger than the other. 
One suggestion to account for this condition is that the posi- 
tion of attachment of the univalent chromosome to the other 
member of the larger portion of the tripartite group brings 
about this lagging. When the univalent chromosome becomes 
attached so as to adhere to both members of the separating 
group the three chromosomes assume the linear arrangement 
in anaphase and later the whole mass is drawn out into the 
characteristic strand (fig. 5, H). Later anaphase showed 
these lagging chromosomes dividing unequally and passing 
into the condensed masses of late anaphase. 

During the condensed condition of late anaphase, the indi- 
vidual chromosomes could not be traced. Follovdng the re- 
organization of the nucleus in interkinesis, the chromosomes 
remain as distinct bodies distributed through the nucleus 
until the prophase of the second spermatocyte division. Part 
of the resting nuclei contained a chromosome smaller and 
denser than the rest. A further examination showed this 
small chromosome attached to another chromosome in many 
of the nuclei. It seems probable that this small individual 
is one of the double-X chromosomes which fused to form the 
larger portion of the tripartite group. Figure 5, L and M 
show this small chromosome which is probably separating 
from the large chromosome. The size difference of the ele- 
ments which formed the larger portion of the tripartite group 
was not as pronounced as that shown in this figure. The 
difference here is probably due to the greater condensation 
of the small chromosome, because its outline is more definite 
and it stains deeper than the other chromosomes. Not all 
nuclei show the small chromosome, on account of its irregular 
distribution. It behaves as the other chromosomes in the 
second spermatocyte division, and the size difference was 
not as great as in the resting nucleus. It is probable that in 
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many cases tlie elements forming the larger portion of the 
tripartite group become detached as the individual chromo- 
somes are separating from the dense anaphase clump during 
the reorganization of the nucleus. 

From the above description it seems that the tripartite 
group of the first spermatocyte division is in reality a group 
of three chromosomes. Two of them, the X components, 
become more or less intimately attached during the growth 
period, and in most cases do not separate until during the 
reorganization of the nucleus prior to the second spermato- 
cyte division. This accounts for the irregular number of 
chromosomes seen in the metaphase plates of the first 
spermatocyte divisions and the reappearance of the normal 
number of chromosomes in the second spermatocyte mitoses. 
The number of chromosomes passing to the spermatids was 
12 and 13. 

The behavior of the chromosomes during the meiotic divi- 
sions and their distribution to the spermatids have been 
traced, but there remains the interpretation of the chromo- 
somes which went into the formation of the tripartite group 
(hexad). This chromosomal complex behaves in the growth 
period very much like the XY pair in Labidura bidens and 
Labia minor and is often very much like them in appearance 
(fig. 5, Gr). In Anisolabis annulipes the Y chromosome is 
represented as a single element, but the X chromosome of the 
other species is here represented by two components, that 
remain attached during the first spermatocyte division. A 
careful study of the side views of early anaphase, where the 
elements of the XX group may be distinguished by their 
lobing as in figure 5, G, indicates that the Y is slightly larger 
than either of the X chromosomes and that one of the X 
elements is slightly larger than the other. Since this size 
difference can be detected it makes it possible to determine 
that the ‘univalent,’ in the above description, does not become 
attached to either member of a pair of chromosomes, but to 
a definite one of the pair. It seems probable from the ap- 
pearance of the ‘unequal pairs’ of the first spermatocyte that 
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one of tlie X components pairs with the Y chromosome and 
the other X component becomes attached to the first X. 
That this attachment is very intimate is shown by the ap- 
pearance of the XX group in figure 5, E, F, and G. Since the 
large mass shows no break in its outline, one of the X com- 
ponents seems to be plastered to the side of the other. That 
the attachment of these chromosomes may be entirely broken 
in some instances is evidenced by the few cases of univalent 
chromosomes seen in the side views (fig. 5, C, D). 

The question arises as to the origin of the double-X group. 
The intimacy of attachment of these two chromosomes in the 
first spermatocyte division suggests either of two conclusions ; 
the two X chromosomes are in the process of uniting to form 
a large, single X chromosome as in Eabidura bidens and Labia 
minor or in the process of becoming two independent chromo- 
somes by splitting. In light of the observations on multiple X 
components made by other workers in insect spermatogenesis 
the second conclusion is the more tenable. Why these com- 
ponents remain attached during the first spermatocyte divi- 
sion and then act as independent chromosomes in the second 
spermatocyte division is not known. That the X components 
remain independent in the spermatogonial divisions is seen 
by the counts. Although the later behavior of the X com- 
ponents is very different in Anisolabis annulipes, their pres- 
ence suggests a similar condition described by Payne (’09) 
in Conorhinus and Wilson (’09) in Syromastes. 

Reviewing the chromosome distribution in this species, it 
has been shown that in the spermatogonial cell there are 22 
autosomes and two X components and a Y chromosome. Prior 
to the first spermatocyte division, twelve pairs are formed. 
Eleven of these are autosomes and the other pair, whose 
parts are of unequal size, consist of two attached X com- 
ponents and a Y chromosome. At the first spermatocyte divi- 
sion eleven autosomes and the Y chromosome pass to one of 
the daughter cells, while the other receives eleven autosomes 
and the two X components. These, divide regularly in the 
second spermatocyte. Since the female number is 26, it is 
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inferred that this number represents 22 autosomes and four 
X components. 


Anisolohis maritima Bon. 

The material for the study of this species was collected 
at Cold Spring Harbor, New York, and St. Petersburg, 
Florida. A few specimens were collected in other localities, 
but the bulk of the material came from St. Petersburg. Un- 
fortunately, but few females were dissected and none of the 
slides from this material gave reliable counts. 

Most of the slides for the study of Anisolabis maritima 
were prepared and the preliminary work completed before the 
publication of Kornhauser in 1921. In order to compare the 
spermatogenesis of this species with that of the other mem- 
ber of the genus, Anisolabis annulipes, the description is 
here given which, with minor exceptions, agrees with that 
of Kornhauser. 

By counting the chromosomes of the clear metaphase plates 
of a great many individuals the spermatogonial number was 
shown to be 25 (fig. 6, A, B). A study of the side views of 
this division was made to make sure no chromosome or group 
of chromosomes were irregular in position. The chromo- 
somes of both species of the genus Anisolabis are very similar 
in form and size so that the homologous pairs can only be 
determined by a careful study of exceptionally clear meta- 
phase plates. Figure 6, C gives the results of an effort to 
group the homologous pairs, but the slight difference in the 
size and form” of many of the chromosomes raises the ques- 
tion of accuracy of any such effort, although the grouping 
has been recheeked with many other clear cells. Prom the 
following description it will be shown that the chromosome 
distribution here is similar to that of Anisolabis annulipes, 
although the two species differ in many minor characteristics, 
so that they can be readily recognized from their cytological 
preparations. No effort was made to ascertain the chromo- 
some number of the somatic cells. 
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After separating normally in the last spermatogonial divi- 
sion, the chromosomes lose their form and appear as lightly 
staining masses of granules in the typical network form of 
the resting nucleus. At this time one or more deep-staining 
nucleoli are to be seen. This network form of the nucleus 
seems to be merely a transition stage from the last spermato- 
gonial division to the beginning of the growth period and is 
found in all the species of earwigs so far examined. In the 
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Pig. 6 A, B, spermatogonial metaphase plates -with 25 chromosomes; C, 
homologous pairs of spermatogonial chromosomes; D, group of characteristic 
‘unequal pairs ^ of first spermatocyte; E, first spermatocyte metaphase with 12 
chromosomes; P, G, second spermatocyte metaphase plates with 12 chromosomes; 
H, I, polar views of second spermatocyte metaphase -with 13 chromosomes. 


early growth period the chromatin becomes arranged in ir- 
regularly shaped masses or prochromosomes distributed 
through the nucleus. From the prochromosome stage the 
chromatic masses unravel to form the leptotene filaments. 
One or more plasmosomes are visible during the major por- 
tion of the growth period, but become smaller and disappear 
prior to the early prophase. The chromatin nucleoli seen 
in the short rest period may be distinguished with difficulty 
in the prochromosome stage, but later they are very prominent 
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in tlie nuclei, altliough tlieir staining reactions are somewhat 
variable. During the growth period the two chromatin nu- 
cleoli become attached and appear as one deeply staining, 
irregular-shaped mass. The actual time at which this union 
takes place varies much in the different cysts and also in 
the different cells of the same cyst. The relative size of the 
fused nucleoli decreases as growth proceeds, probably due 
to condensation, and the outline becomes more nearly that of 
a bilobed body. In the prophase this bilobed condition is 
quite pronounced with one of the lobes larger than the other. 
At this time it is abont the size of the larger autosome pairs. 
This deep-staining mass becomes a tripartite group similar 
to that described in Anisolabis annulipes. The above de- 
scription of the formation of this ‘unequal pair’ and its sub- 
sequent behavior in later meiotic stages leaves, little doubt as 
to its interpretation as an XXY complex. 

By counting a great number of cells where there could be 
no possible question as to the number, it was found that in 
Anisolabis maritima there were 12 chromosomes in the first 
spermatocyte division (fig. 6, E). This species differs from 
the foregoing in that the 12 chromosome counts in this, divi- 
sion were constant whereas in annulipes more than 10 per cent 
of the cells showed 13 chromosomes. A study of the side 
views showed one pair very similar in form to that of the 
tripartite group seen in annulipes. Figure 6, D shows the 
variation in form of the larger portion of the ‘unequal pair.’ 
Individuals regular in their outline were nearly as numerous 
as the lobed ones. In all probability, the large element is 
made up of two components as in the other species. The 
duplex nature of the large element' can readily be distin- 
guished either by. the lobing or by a barely discernible divi- 
sion. In the first spermatocyte mitosis the autosomes and 
tripartite group divide regularly with none of the chromo- 
somes lagging .as in Anisolabis annulipes. 

By counting, many clear metaphase plates of the second 
spermatocyte division, it was found that the numbers of 12 
(fig. 6, F, Gr) and 13 (fig, 6, H, I) were about equally distrib- 
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uted. The chromosomes divided regularly, as no lagging 
ones were seen. 

Since the second spermatocyte contained only distinct, indi- 
vidual chromosomes, the large element of the first spermato- 
cyte metaphase seemed to have been replaced by two smaller 
ones. The separation seems to take place during the re- 
organization of the nucleus. Occasionally, an interkinetic nu- 
cleus was seen in which two of its chromosomes were in con- 
tact. Probably this represents the two X components in 
which the separation had been delayed. 

The large irregular bivalent of the late growth period of 
Anisolabis maritima is undoubtedly the homologue of the 
similar mass in Anisolabis annulipes. Since their origin and 
distribution are quite the same, the interpretation of the 
group of chromosomes given under the description of Ani- 
solabis annulipes could be substituted here, i.e., an XXY- 
complex. This complex of three chromosomes (hexad) be- 
comes arranged in the metaphase of the first division to 
appear as an unequal pair, since two of the three chromosomes 
remain in such intimate contact as to resemble a complete 
fusion. 

Attention should again be called to figure 6, C, where an 
effort was made to arrange the spermatogonial chromosomes 
into homologous pairs. It was found that two small chromo- 
somes were very nearly the same size, while the one chromo- 
some without a mate was much larger. If no other evidence 
was at hand, it is probable the two small individuals would 
have been considered a pair of homologous autosomes with 
the unpaired individual, the X chromosome. However, the 
condition in the later meiotic stages indicates that this single 
individual is a Y chromosome which is limited to the male 
sex, while the pair of small chromosomes is in reality an XX 
group. These X components do not separate, but pass to 
one of the daughter cells in the first spermatocyte division. 
In the second spermatocyte they divide as independent chro- 
mosomes, so that each spermatid in such a mitosis received 
11 autosomes and two X components. The spermatids result- 


.TOl'RNAL OF .MORPHOLiO<iY AND PHYSIOLOGY, VOL. 46 , NO. 1 



258 


WILLIAM PITT MORGAN 


ing- from the division of the cells containing the Y element 
receive 11 antosomes and the Y chromosome. From this 
distribution of chromosomes it is inferred that the female 
diploid number is 26, 22 of these being antosomes, while 
the other four are X components, two of which were derived 
from the 13 chromosome sperm.^ 

Forficula auricularia Linn. 

All the material for the study of this species was collected 
in the locality of Zurich, Switzerland. The gonads were fixed 
in Flemming’s fluid and, after sectioning, stained with 
Heidenhain’s iron-hematoxylin. A great quantity of material 
was thus prepared which has permitted the study of all stages 
of spermatogenesis in many individuals. 

Siiiety, Stevens, and Meeks have stated in their studies that 
the spermatogonial or diploid number of chromosomes was 
24. While these authors do not find variations, the work 
of Zweiger and Payne indicates that the spermatogonial num- 
ber may vary from 24 to 26, with occasional 23 and 27 counts. 
With these conditions in mind, an effort was made to deter- 
mine the true number or to find some key to the diversity of 
observations reported by former workers. 

The chromosomes of the spermatogonial divisions are in- 
clined to form into clumps which are difficult to count. For 
this reason counts were recorded only from metaphase plates 
where the chromosomes were far enough apart to make their 
individuality certain. By studying a great many individuals, 
it was found that the results would not justify the placing 
of any single number as characteristic of the species. About 
half the specimens studied showed 24 chromosomes (fig. 7, 
A, B) while the rest showed 25 (fig. 7, C, D). There were 
few counts of 23 and 26, but these have not been considered 
important, since there was doubt as to these numbers actually 
representing the number of chromosomes in the cells. The 
figures of the spermatogonial metaphase (fig. 7, A, B, G, D) 


® Koruliausei- reports the female diploid number to be 26. 
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suggest liow easily inaccuracies in counting miglit result in 
cells where two or more of the chromosomes were in contact 
in the metaphase plate. These conditions would tend to give 
counts with numbers lower than normal. The few plates 
with 26 chromosomes were in material that was poorly fixed, 
so that these counts were excluded from later considerations, 
since the chromosomes in other parts of the gonads behaved 
as in the individuals with either the 24 or 25 counts. Abnor- 
mal divisions with multipolar figures were not uncommon in 
the spermatogonia as well as the spermatocyte mitoses. After 
removing the specimens with uncertain counts, they were 
divided into two groups according to the number of spermato- 
gonial chromosomes, one with 25 and the other with 24. 






Fig. 7 A, B, polar views of spermatogonial metapliase with 24 chromosomes; 
C, D, same stage with 25 chromosomes. 


Payne has described the formation of the first spermato- 
cyte chromosomes. My findings are essentially the same as 
his. The conditions here were similar to those found in the 
two species of Anisolabis. The deep-staining nucleoli of the 
growth period gave rise to a bilobed body in the prophase 
(fig. 8, A) which became the unequal pair seen in the first 
spermatocyte side views. 

More than 1300 clear metaphase plates were counted in a 
numerical study of the first spermatocyte division. Those 
individuals having 24 spermatogonial chromosomes showed 
regularly 12 chromosomes (fig. 8, K) while those with 25 
spermatogonial counts showed three conditions. In these 
latter individuals one part had mainly 12 first spermatocyte 
chromosomes with very few 13 counts (fig. 8, J) ; the second 
group showed both 12 and 13 counts in about equal numbers. 
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Fig. 8 A, cytoplasmic liody near propliase nucleus, tripartite group only 
intranuclear structure shown; B, C, D, E, side views of first spermatocyte, 
showing two univalent chromosomes; P, G, single univalent chromosome in side 
views of first spermatocyte; H, tripartite groui^s of first spermatocyte; I, all 
the chromosome pairs of a single first spermatocyte cell; J, first spermatocyte 
metaphase with 13 chromosomes; K, same stage with 12 chromosomes; L, polar 
view of first spermatocyte, showing cytoplasmic body; M, N, cytoplasmic body 
in side views of first spermatocyte; 0, resting nucleus between first and second 
spermatocyte divisions; P, side view of second spermatocyte; Q, polar view 
of second spermatocyte, showing cytoplasmic structure; B, 13 chromosomes of 
second spermatocyte metaphase; S, same stage with 12 chromosomes. 
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and in the third group nearly all the counts were 13 with 
only a few cells with 12 chromosomes. Very rarely was an 
11-chromosome metaphase plate seen in this division. 

Nearly 4000 counts were made of the clear second spermato- 
cyte metaphase plates. After the counts in each specimen 
were tabulated, it was found that those individuals with 24 
chromosomes in the spermatogonia and 12 in the first 
spermatocyte showed only 12 chromosomes (fig. 8, S), while 
those earwigs with 25 spermatogonial chromosomes and 12 
or 13 first spermatocyte chromosomes had about equal num- 
bers of 12 and 13 counts (fig. 8, R). A few specimens with 
25 spermatogonial chromosomes showed most of the counts 
in both the first and second spermatocyte metaphase to be 
13 with only a small percentage of metaphase plates with 
12 chromosomes. 

In 2017 counts of the spermatocyte divisions in the group 
of specimens with 24 spermatogonial chromosomes only 
thirty counts showed 11 chromosomes. All but six of these 
thirty counts were in the second division. In 1425 counts of 
the spermatocyte divisions of the individuals, with 25 sperm- 
atogonial chromosomes two counts in the first and eighteen 
in the second showed 11 chromosomes, while four counts in 
the first and twelve counts in the second showed 14 chromo- 
somes. Since some of these were seen in cysts having cells 
with multipolar figures, they were thought to be due to some 
pathological condition and when these abnormal cysts were 
studied more closely, there was much evidence to indicate 
that whole cysts failed to complete the gametogenesis and 
form functional sperm. Many cysts with cells arrested in 
various stages of mitosis were apparently disintegrating low 
in the testis among masses of sperm. In several of these 
cysts there were clear eleven and fourteen counts, but since 
the condition was abnormal, no explanation is offered for 
their existence. The fourteen counts were present only in 
the individuals with the 25 spermatogonial chromosomes. 
There were a few cases of 11 and 14 spermatocyte counts 
in normal cysts that could not be explained on the above 
assumption. 
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It was to be expected tliat the distribution of the 25 sperm- 
atogonial cliromosomes miglit be similar to that in Aiiisolabis, 
but this was only partly true, since there were usually 13 
chromosomes in the first spermatocyte metaphase in these 
specimens of Forficula auricularia. In the study of the side 
views of this group, the presence of the univalent chromo- 
somes at once attracted attention. With the 13 chromosomes 
in the first spermatocyte metaphase plates the condition could 
be interpreted as 12 pairs and one univalent. Figure 8, F 
and G show this condition, but another condition was also 
common, as indicated in figure 8, B, C, D, and E, in which 
there are two univalents, while a study of the other chromo- 
somes showed that these were not the parts of a pair that 
had been displaced in sectioning. The size relation between 
these two univalents was similar to that existing between the 
parts of the tripartite group. In figure 8, B and C, the duplex 
nature of the larger univalent may be seen. This evidence 
seemed to indicate that the two univalents were in reality 
the parts of the tripartite group. The larger lobed ‘uni- 
valent’ being tlie two fused X elements, while the small 
univalent was the Y chromosome. Here the XX group had 
failed to pair with the Y chromosome or they had separated 
from the Y prior to the first spermatocyte metaphase. Figure 
8, E indicates that these ‘univalent’ chromosomes pass to 
opposite poles, but figure 8, D and N suggest that they may 
both occasionally pass to the same pole. If this is ever 
the case, it may be one explanation of the occasional 11 and 
14 counts seen in the second spermatocyte metaphase plates. 
The 14 counts might result if the large portion of the tripartite 
group separated into two single chromosomes, as it normally 
does in Aiiisolabis. From the great number of cells that 
disintegrate before their metamorphosis into sperm, it is 
reasonable to believe that these cells with the abnormal counts 
fail to become functional gametes. The two univalents pass- 
ing to the opposite poles cannot be followed beyond the 
anaphase of the first spermatocyte division, because the chro- 
mosomes become arranged in a dense clump prior to their 
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interkinetic nuclear reorganization. Their behavior in the 
second spermatocyte division seemed to be similar to that 
of the parts of the tripartite group in Anisolabis, i.e., the 
smaller element behaves as the other chromosomes, but the 
larger element separates into two single bodies which later 
divided normally as individual chromosomes. 

The single univalent is about the size of the smaller por- 
tion of the tripartite group. This indicates that the X com- 
ponents differ in size. In Anisolabis annulipes it has been 
shown that the tripartite group was an XXY complex, with 
the larger portion made up of two attached X components. 
In a small percentage of cases in A. annulipes it was found 
that one of these X elements separated from the complex, but 
passed to the same pole as the other X. This condition is 
similar to that found in Forficula auricularia. 

Another item that has probably been a source of error in 
determining the chromosome counts in Forficula auricularia 
is the presence of one or more deeply staining bodies sur- 
rounded by a clear area in the cytoplasm. Figure 8, A shows 
one of these bodies in the cytoplasm very near the nucleus. 
Occasionally, one large body is present with a small mass 
lying near it, and at other times only small bodies are seen. 
These cytoplasmic structures are of interest here because 
they may easily be mistaken for chromosomes. Figure 8, 
L shows 14 bodies in a metaphase plate of the first spermato- 
cyte division. All of these might have been considered as 
chromosomes, but, as indicated in the drawing one of them 
lies entirely outside of the division figure. Figure 8, Q is a 
similar case in the second spermatocyte division. In well- 
destained hematoxylin preparations these bodies begin to 
lose their stain before the chromosomes so that they appear 
in various shades of gray (fig. 8, N). In figure 8, 0, one of 
these bodies lies in the cytoplasm in the resting stage be- 
tween the first and second spermatocyte divisions, while 
figure 8, P is that of a second spermatocyte figure in side 
view showing one of these masses near one pole. In the 
figures only the larger bodies are shown. In many cells these 
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masses are so small as to be entirely overlooked, except in a 
study of cytoplasmic structures. It is not tlie purpose of 
this paper to deal with the cytoplasmic inclusions, but in this 
species these structures have added further confusion to a 
very variable chromosome behavior. It might be well to call 
attention to the fact that the tripartite group often lies at 
the periphery of the plate of chromosomes, so that its ec- 
centric position might lead one to confuse this chromosomal 
mass with a cytoplasmic body, but a careful examination 
shows the cytoplasmic structures to lie outside the achromatic 
figure. 

Payne and Stevens have called attention to the number of 
lagging chromosomes present in both spermatocyte divisions 
of Forficula auricularia. The number of these irregular chro- 
mosomes is very great in some specimens, so that some cysts 
in late anaphase, especially in the first spermatocyte, show 
most of the cells with one or more lagging bodies. In form 
these lagging chromosomes vary from short, rod-like masses 
to elongated cigar-shaped strands. A study of these lagging 
chromosomes showed that two were generally present and 
that one of these was either bilobed, i.e., two long rod-shaped 
masses attached end to end, or, if not lobed, was nearly twice 
the size of the others. Cells with three lagging chromosomes 
were also fairly numerous. Two of these masses were about 
the same size, while the third was larger. Several of Payne’s 
figures show this condition. In most cases the bilobed portion 
or two individuals passed to the same cell, and the single 
portion, the larger mass in case of three, to the other. Some 
of these elongated masses failed to pass to either cell and 
seemed to hang suspended midway between the two chromo- 
some clumps of late anaphase. Instead of these lagging 
chromosomes passing to the daughter cells, the other chromo- 
somes which had divided normally receded, drawing nearer 
and nearer the median lagging bodies, until finally all ap- 
peared as one dark mass. At this stage the wall separating 
the two cells broke down, leaving the large clump of chromo- 
somes in the center of a mass of cytoplasm twice the size 
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of a normal cell. The cell, resulting from this fusion then, 
seemed to undergo the usual reorganization following divi- 
sion. This gives a probable explanation of the presence of 
at least part of the many irregular cells with the double num- 
ber of chromosomes. As to the interpretation of the char- 
acteristic lagging chromosomes of this species it seemed cer- 
tain that they were the irregular members of the XXY group. 
The fact that one of these lagging masses was usually double, 
in size if not in outline, and that they passed to opposite poles 
was further evidence of their identity. The tripartite group 
of the first spermatocyte or its separated parts could not 
be distinguished in the cells in early anaphase with lagging 
chromosomes. Cases of one lagging mass that divided in 
very late anaphase were interpreted as a delayed separation 
of the Y from the X elements of the XXY complex. The 
above explanations cannot hold entirely for the lagging chro- 
mosomes of the second spermatocyte, but even here this ir- 
regularity was probably due to the abnormal behavior of 
one or more of the present sex chromosome group. The above 
explanation has not been offered to apply to those cells which 
seem to have lost all mitotic regularity due to some patho- 
logical condition. In some of these cells several lagging chro- 
mosomes were present, while other cells in the same portion 
of the cyst were in multipolar division. It was further ob- 
served that the lagging chromosomes were more often seen 
in specimens with the 25 spermatogonial number than in those 
with the 24 counts. 

In a careful study of the side views of the first spermato- 
cyte chromosomes of individuals with the 24 spermatogonial 
counts it was found that irregularities in the behavior of the 
chromosomes very seldom existed in this division. The 
tripartite group was usually similar to that shown in figure 8, 
I, but in some groups the larger part resembled that of the 
second individual in figure 8, H, where there is an indication 
of its being made up of two separate elements. With this 
last exception, the behavior of the XXY complex in this group 
of individuals was similar to the behavior of the unequal pair 
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ill Labicliira bicleiis, altliougli in some of the tripartite groups 
in Forficiila auricularia there was bnt little difference in the 
size of the two parts. The twelve pairs of chromosomes sepa- 
rated in the first spermatocyte division and these chromo- 
somes behaved as single individuals in the second spermato- 
cyte, since a 13 count was seldom seen. 

In the group of individuals with the 24 spermatogonial 
chromosomes and 12 chromosomes in both the first and second 
spermatocyte divisions it seemed that the attached pair of 
X components retained their union throughout the matura- 
tion divisions. Whether or not this fusion was permanent 
has not been determined, but the behavior of this sex chromo- 
some complex was so different from that in the group with 
25 spermatogonial counts that these twm groups of earwigs 
might be mistaken for two distinct species from a considera- 
tion of their cytological data. That there is no taxonomic 
evidence for such a subdivision of this species, Forficula 
auricularia, has been assured me by A. N. Caudell, of the 
National Museum, and James A. G-. Eehn, of the Philadelphia 
Academy of Natural Sciences, who have gone over all my 
specimens with this point in mind. The variety forcipata 
Steph. seemed to be about evenly distributed between these 
two cytological groups. The explanation for the difference in 
the two groups seems to lie in the variability of the attrac- 
tion of the X components for each other. In the group of 
specimens with 25 chromosomes this attraction may be so 
slight as to cause no attachment in either the first or the 
second spermatocyte divisions while in the group with the 
24 chromosomes the attraction is so great that the two com- 
ponents remain attached and behave in mitosis as a single 
chromosome. The evidence indicated that in this species 
either a single X chromosome is in process of splitting to 
form two chromosomes or two X components are in the proc- 
ess of fusion to form a single large chromosome. 

Only a few slides of female material gave clear-cut oogonial 
counts. Although the counts were too few to be used as 
evidence, it is of interest that these oogonial metaphase plates 
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contained 24 and 25 chromosomes. Payne has also figured an 
oogonial cell with 25 chromosomes. Oogonial counts with 26 
chromosomes might also be expected. Prom the distribution 
described above, the spermatids in the 25-chromosome group, 
would receive 11 autosomes and either a Y chromosome or 
two separate X components, while the spermatids in the 
24-chromosome group would receive 11 autosomes and a T 
chromosome or a fused X group. If this fused chromosomal 
group remained in this condition, females of three oogonial 
counts would result. Some would have 24 chromosomes where 
both the egg and the sperm carried the fused X components ; 
others would have 25 chromosomes where only one of the 
gametes carried the attached X components and in the other 
germ cell they were separate, and still other females would 
have 26 chromosomes, as in Anisolabis, where the X com- 
ponents in both gametes remained separate. 

DISCXTSSTON OF VAEIATIONS IN CHROMOSOME NUMBERS 

Although the number of species used in this study is too 
small to warrant any broad generalizations to account for 
the difference in chromosome numbers found in the family 
Forficulidae, nevertheless, certain observed facts suggest an 
explanation of these numerical variations. Some of the ques- 
tions which arise in this connection are : first, what outstand- 
ing condition is common to all species under observation? 
secondly, are the chromosome numbers of the species inter- 
related as to identity, polyploidy, or small numerical varia- 
tions ? thirdly, is there a great variation in chromosome size 
among the species? fourthly, which numerical condition is 
the most primitive, and is this correlated with taxonomic 
data ? 

Probably the most outstanding condition noted in the pre- 
ceding descriptions was the presence of an XY complex. In 
both Labidura bidens and Labia minor this complex was 
represented by two distinct chromosomes which behaved 
entirely normal in all the meiotic divisions. In all five species 
the Y element behaved as a distinct chromosome. The X 
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element in Forficula auricnlaria showed two types of behavior, 
one with the X element as a distinct chromosome, the other 
with the X element divided into two separate components. 
In both species of the genus Anisolabis the X element was 
divided into two components, except for their adhesion during 
the first spermatocyte division. The behavior of the XY 
complex in Labidura bidens and Labia minor suggests a 
stable relationship existing between the X and Y chromo- 
somes. In the other three species this complex shows an 
irregular behavior suggesting the probable fragmentation of 
a single X chromosome to form the two X components. This 
condition suggests the observations of Wilson (’09) and 
Payne (’09) on the multiple X element in the Hemiptera. 

Among the five species of earwigs, three showed 25 to be 
the diploid chromosome number in the male. Although part 
of the individuals of F. auricularia showed only 24, this was 
interpreted as due to a fusion of the X components which 
remained separate in other members of this species. The 
number 12 found in Labidura bidens is but two less than that 
in Labia minor. In order to account for the origin of the 
chromosome numbers from a single type it would be neces- 
sary to assume that the autosomes have undergone two types 
of irregularities in their distribution, i.e., the loss or increase 
of single chromosomes (non-disjunction) and the doubling or 
halving of all or most of the autosomes (reduplication). 
Whether fragmentation or fusion has taken place can only 
be conjectured, although some evidence on this point may be 
gained by a comparison of chromosome sizes between the 
differ ent species. 

The chromosomes in all species were rod-shaped bodies 
of various lengths. In both species of Anisolabis the 25 
chromosomes were short rods, slightly longer and more 
definitely separated in the metaphase plate than those of F. 
auricularia. Both Labidura bidens and Labia minor had 
two types of chromosomes, viz., very short rods similar to 
those in the other three species, and longer rod-like chromo- 
somes much greater in length than those of the other species. 



SPERMATOGENESIS OF FIVE EARWIGS 


269 


Some explanation for the variation in chromosome numbers 
among the five species may be found in a comparison of the 
size and form of the chromosomes of the two species having 
12 and 14 with the three having 25. A comparison of the 
chromosomes in figure 3, C, with those in figure 1, F, indicates 
that both species have four pairs of chromosomes much larger 
than the other autosomes. Figure 6, C shows the chromo- 
somes of Anisolabis maritima. Although the differences in 
the chromosome sizes are not as distinct as might be expected, 
it is at least interesting to note that, in general, the size rela- 
tions suggest that the species with the low chromosome num- 
bers may have arisen from a higher-numbered form by a 
fusion (chromosome linkage) of the chromatin bodies, or the 
species with the 25 chromosomes may have gained their 
higher numbers by fragmentation. The general tendency 
toward irregular distribution of the chromosomes, especially 
in the case of lagging, suggests one possible mechanism in 
bringing about changes in chromosome number. Whether any 
permanent changes are taking place at present is not known. 

As to which condition, the low or the high chromosome 
number, is the more primitive has not been determined. It 
seems easiest to infer that 12 represents the most primitive 
number, and from these long chromosomes the higher num- 
bers have arisen by fragmentation and reduplication. It 
may be noted in this connection that a rough estimate of the 
volume of the chromosomes of Labidura bidens approximates 
the volume of the chromosomes of the higher-numbered 
forms. Whether there is any correlation between the inferred 
primitive chromosomal numbers and the taxonomic position 
of the species is not known. 

SUMMARY 

1. The chromosomes of the five species of earwigs studied 
may be divided into, a) the autosomes and, d) the XY- 
complex. 

2. The diploid number of chromosomes in Labidura bidens 
was 12 and in Labia minor 14; these consisted of 10 and 12 
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autosomes, respectively, plus single X and Y chromosomes. 
Xo irregularities were observed in the distribution or the 
behavior of the chromosomes of these two species. 

3. In Anisolabis annulipes and Anisolabis maritima the 
diploid number was 25, or 22 autosomes and two XX com- 
ponents and one Y chromosome. The X components became 
attached to each other during the growth period and remained 
in this condition through the first spermatocyte division. 
The X components separated during the nuclear reorganiza- 
tion at interkinesis, and thereafter behaved as the other chro- 
mosomes during division. 

4. The diploid number of chromosomes in Forficula auricu- 
laria was found to vary between 24 and 25, but the number 
was constant for the individual. Occasional spermatogonial 
counts were observed with numbers varying from those 
already stated, but these were attributed to poor fixation, 
the displacement of chromosomes in sectioning, or to patho- 
logical conditions. 

5. In Forficula auricularia the number of autosomes was 
found to be 22 in all cases, but an irregularity was observed 
in the behavior of the sex-chromosome complex. In cells 
with 25 chromosomes there were two X components and one 
Y chromosome present similar to the two species of Ani- 
solabis. In those specimens with the 24 chromosomes only 
a single X chromosome was visible with the Y chromosome. 
The observations indicated that this ‘single’ X chromosome 
was in reality two X components that remained attached dur- 
ing the maturation mitoses. 

6. The variable results obtained by former workers on the 
chromosomes of Forficula auricularia were due largely to 
their failure to appreciate the behavior of the irregular XXY- 
eomplex. In some cases a cytoplasmic body was probably 
mistaken for a chromosome. 

7. The observations indicated that the X chromosome is 
either undergoing a change from one large element into two 
small chromosomes, or two small chromosomes are becoming 
fused into a large single X chromosome. 
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8. The lagging chromosomes in Anisolabis annulipes and 
Forficnla auricularia were interpreted as the irregular be- 
havior of the XXY-complex. 

9. There was no evidence indicating the chromosomal varia- 
tions in Forficnla auricularia were correlated with morphol- 
ogical variations of taxonomic importance. 
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PLATE 1 

EXPLANATION OP FIGURES 

2 A, B, C, growth period, showing union of chromatin nuclei; D, E, single 
nuclei showing all six chromosomes; E, G, resting nuclei between first and second 
spermatocyte divisions; H, early spermatid. 

3 A, B, spermatogonial group, showing 14 chromosomes; C, spermatogonial 
chromosomes grouped in homologous pairs; D, oogonial group with 14 
chromosomes; E, nucleus following last spermatogonial division; F, early growth 
period, showing prochromosomes; G, later growth period with single chromatin 
nucleolus; H, unequal pairs from first spermatocyte, showing characteristic 
form; I, J, polar views of first spermatocyte metaphase; K, L, second spermato- 
cyte polar views. 
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THE HISTORY OF THE GERM CELLS IN THE 
HOMESTIG FOWL 
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SEVEN PLATES (TIIIRTY-SEVEN FIGURES) 

AUTHOR’S ABSTRACT 

Material of the domestic fowl of appropriate ages, ranging from twelve hours’ incubation 
to the adult bird, was prepared for the purpose of studying the production and development 
of the germ cells. 

The primordial germ cells arise in the extra-embryonic region anterior to the head fold 
in the region of the zone of junction during the primitive-streak stage. These germ cells 
migrate, through the blood stream, to the region of the future gonad, where they develop 
into the definitive germ plasm. 

There is no widespread degeneration of the primordial germ cells after their arrival in 
the gonadal region, nor is there any widespread transformation of somatic cells into defini- 
tive germ cells.. 

INTRODUCTION 

Since tlie publication of the observations of Waldeyer, in 
1880, on the origin of the germ cells in the embryo there have 
been many contributions to the knowledge of this subject. 
His views have been supported by many subsequent observa- 
tions until at the present time many workers agree with him 
that the primordial germ cells arise from the germinal epithe- 
lium, which is a localized area of the peritoneum on the dorsal 
side of the coelom. 

Nussbaum, however, in 1880, published a version of the 
history of the germ cells that has more recently become very 
widely accepted. He reached the conclusion that the germ 
cells are not derived from the germinal epithelium, but are 
segregated at a much earlier period in the formation of the 
embryo, and, indeed, he contends that their origin is traceable 
to the preceding germ cells. His views have been very stimu- 
lating to research on this problem, and it has received cor- 
roboration from so many investigators in all the vertebrate 
classes, with the exception of the mammals, that it may 
well be said to be the dominant idea of the present time. 
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There are now two distinct schools of investigators, both 
of which have used the chick embryo as material for investi- 
gation and have obtained conflicting results from their studies. 
These two schools hold views which correspond roughly to 
those of Waldeyer and Nussbaum, and, in so far as the fowl 
is concerned, are represented hj the work of Firket on the 
one hand and by that of Swift on the other. 

Both schools agree on the earlier stages : that the primor- 
dial germ cells arise anterior and anterolateral to the 
embryo in a specialized region of the germ-wall entoderm, 
just at the margin of the area pelucida, during the primitive- 
streak stage and up to the formation of the third somite, 
and are found in the space between the entoderm and ecto- 
derm. Later, the mesoderm arises, and these primordial 
germ cells, by amoeboid movement, pass into this mesoderm 
and into the blood vessels being formed there. They are 
carried by the flow of the blood stream into all parts of the 
embryo and vascular system. They remain distributed in 
this manner until the embryo reaches the 20-22-somite stage, 
at which time they become relatively more numerous in the 
germinal epithelium. 

From this point the one group represented by Swift, work- 
ing with the chick, contends that the primordial germ cells 
increase in number by division in the gonads until about the 
eleventh day in the female and the seventh day in the male, 
at which time they go into tlie quiescent stage of the normal 
resting germ cell. There is no degeneration of the primordial 
germ cells, nor is there any proliferation of the germinal 
epithelium to develop later into definitive germ cells. 

The other investigators, of whom Firket is typical, hold 
to the view that the primordial germ cells, which arise in the 
extra-embryonic regions and migrate to the gonads, degener- 
ate after they reach the gonads and that the definitive germ 
cells arise from a transformation of the germinal epithelium. 

From a study of the results of the various workers in this 
field it can easily be seen that the history of the germ cell 
in many animals is not yet settled. From a comparison of 
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the plates of the various reports it would seem that the con- 
clusion reached is not due to a difference in the animals 
studied, but more to a difference in the interpretation of the 
facts by the investigators themselves. 

The present trend of investigations along this line is toward 
an extra-embryonic origin of the primordial germ cells and 
their subsequent development into the definitive germ plasm. 
The more weighty conclusions, as a whole, seem to sub- 
stantiate the extra-embryonic-origin theory. 

Because of these divergent views, it has seemed desirable 
to reinvestigate the history of the germ cell of the fowl. 
Therefore, the study of the problem was taken up at the sug- 
gestion of Dr. A. Eichards, to whom the writer is greatly 
indebted for his valuable criticism and helpful suggestions 
throughout the course of this investigation. The writer 
wishes also to acknowledge his obligation to Mr. H. E. 
Hulpieu, who so kindly permitted a restudy of his material. 

MATERIALS AND METHODS 

The material used in this study consisted of thoroughbred 
Ehode Island Bed and Leghorn eggs and chickens. 

Samples were taken at desired intervals from twelve hours’ 
incubation to the adult bird. The accompanying table shows 
the age of the samples. In the early embryonic life the 
samples were taken at one-half-day intervals. This close 
interval was desirable in order to be certain of the migration 
period and the early gonadal development. In the later 
embryonic life the samples were taken at a day interval, 
while after hatching the interval was extended to from eight 
to fifteen days. 

Although the fixation used in previous studies of thfe prob- 
lem appeared to be satisfactory for this particular work, it 
seemed desirable to obtain a fixation that wmuld be of more 
cytological value and would possibly show more than the 
fixations previously used. Fowl tissue was accordingly fixed 
in the various standard cytological fixations, and the result- 
ing slides were studied in an attempt to locate the undesirable 
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Summary of age, sex, and condition of the germ cells 


Embryo 


AGE 

SEX 

NO. 

coNumoN 

12 hours 


3 

Primordial germ cells in entoderm 

16 hours 


4 

Primordial germ cells in space and in entoderm 

24 hours 


3 

Primordial germ cells in blood vessels of splanchuia 

46 hours 


4 

Primordial germ cells in entire blood-vascular system 

55 hours 


2 

Primordial germ cells entering gonad region 

3^ da vs 


2 

Primordial germ cells under germinal epithelium 

4 days 

Male 

2 

Primordial germ cells beneath germinal epithelium 

5 days 

Male 

2 

Germ cells in region of gonad formation of seminiferous cord 

6 days 

Female 

1 

Germ cells in germinal epithelial cords of first proliferation 

7 days 

Female 

2 

Germ cells in germinal epithelial cords of first proliferation 

8 days 

Male 

2 

Cords of first jiroliferation detached from germinal 




epithelium 

9 days 

Female 

2 

Germ cells in rapid division 

11 days 

Female 

2 

Germ cells in rapid division 

12 days 

Male 

3 

Growth of seminiferous cords by division of peritoneal cells 

15 days 

Male 

2 

Division of primordial germ cells sets in 

15 days 

Female 

2 

Germ cells enteriiig first stage of maturation 

16 days 

Female 

2 

Continuation of maturation. Formation of synizesis 

18 days 

Female 

2 

Synizesis unraveling 

18 days 

Male 

3 

Rapid division of germ cells. Rearrangement of cords 

20 days 

Female 

2 

Appearance of leptotene threads 


After hatching 


2 days 

Female 

3 

Rearrangement of follicle cells. Leptotene threads gone 

2 days 

Male 

1 

Appearance of lumen. No division of germ cells 

10 days 

Female 

1 

Accumulation of deutoi^lasm. Nucleus resting 

12 days 

Male 

2 

Syncytium appears. Lumen enlarged 

35 days 

Male 

1 

Enlargement of seminiferous tubule 

37 days 

Female 

1 

Condensation of follicle ring. Growth of ova 

51 days 

Male 

1 

Growth of organ 

52 days 

Female 

1 

Growth of ova 

65 days 

Female 

1 

Suggestion of renewed activity of nucleus 

69 days ; 

Female 

1 

Appearance of pachytene throad.s 

70 days 

Female 

1 

Pachytene stage 

91 days 

, Female 

1 

Growth of ova. Nucleus resting 

96 days 

Male 

1 

Growth of organ 

99 days 

Female 

1 

Growth 

115 days 

Female 

1 

Growth of ova 

126 days 

Female 

1 

Growth 

151 days 

Male 

1 

Growth of organ 

161 days 

Female 

1 

Growth of ova 

180 daj^s 

Female 

1 

Rapid accumulation of yolk material 

Adult 

Female 

1 

Oogenesis and ovulation 

Adult 

Male 

1 

Spermatogenesis 
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qualities and tlms to work out a modified formula liaving the 
qualities necessary for the proper fixation of this material. 
After several attempts, a solution that seemed ideal was dis- 
covered and was used exclusively. It preserves the chromatin 
material of the somatic cells so well that an accurate count 
of the chromosome number is possible, while at the same time 
the grosser structures of the cells are well shown. 

Since Woodgar (’25) attempted to trace the primordial 
germ cells by the cytoplasmic inclusions (Golgi bodies) and 
found that they did not differ materially from those of the 
somatic cells and that they could not be used as a definite 
criteria for the identification of the primordial germ cells, 
they were not taken into consideration while the study of fixa- 
tion was being made. The important part of the cells con- 
sidered in the formation of this fixation were those parts 
which could be used as definite criteria for the identification 
of the primordial germ cells, namely, attraction sphere, nu- 
cleus, cell walls, and chromosomes. 

This fixation is composed of 15 parts chromic acid, l .per 
cent: 4 parts potassium dichromate, 2 per cent, and 1 part 
glacial acetic acid. Material is fixed for twenty-four hours, 
dehydrated, and embedded in paraffin in the usual manner. 
Sections were cut at 4.5 and 7 p. For staining purposes 
Heidenliain ’s iron haematoxylin was used exclusively. 

CHAEACTEEISTTCS OF THE PEIMOEDIAL GERM CELLS 

The most prominent criterion for the identification of the 
primordial germ cells is their large size. They are several 
times larger than the somatic cells, being from 10 to 15 m in 
diameter. Swift (’14) states, ^ isolated in the general 
mesenchyme they appear immense.” They retain their large 
size throughout their development. Although they are slightly 
reduced in the later stages, they never become so small as 
to be confused with the somatic cells. The primordial germ 
cells are, as a rule, spherical, although there may be a few 
that will vary in shape until they will appear oval in sections. 
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Tlie presence of a large attraction sphere to one side of 
the nucleus that is found only in the germ cells is another 
very good criterion to follow in their identification. Although 
my material does not show the attraction sphere as prominent 
as Swift figures it, it is nevertheless prominent enough for 
use. The nucleus in most cases is placed to one side of the 
cell and the attraction sphere lies in the space provided by 
the eccentric placement of the nucleus. 

The nucleus in most eases appears as large, if not larger, 
than the entire somatic cell and is much clearer in staining 
reaction than the somatic nucleus. The chromatin material 
has a definite arrangement in the later stages, being gathered 
into two distinct masses with a clear area between. 

Yolk material is a very characteristic constituent of the 
younger primordial germ cells. During the origin and migra- 
tion of the germ cells they are simply overloaded with spheres 
of yolk. As the embryo advances in age, the yolk material 
within the germ cells decreases in amount, probably being 
used as cell food. The yolk remains in the primordial germ 
cells long after it has disappeared from the somatic cells. 
This is probably due to the fact that, since the germ cells are 
not going through division, they do not consume the stored 
food as rapidly as does the dividing somatic cells. 

The only sure way of identifying the primordial germ cells 
is by using a combination of all the characteristics listed 
above. By combining the large size, the nuclear condition, 
the presence of the attraction sphere, and the yolk material, 
the cell under consideration can in almost all cases be differ- 
entiated as to whether it is a germ cell or a somatic cell. 

METHODS OF ASCBETAINING SEX 

The female differs from the male especially in the later 
stages by the left gonad’s being much larger than the right. 
This size relationship cannot be relied upon much in the 
earlier stages, for there is scarcely any difference in the size 
of the two organs, although it is the only indication necessary 
in the later stages. 
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The thickening of the germinal epithelium of the female 
gonad in the earlier stages is also an important character. 
The germinal epithelium of the male is composed of only one 
layer of epithelial cells, while in the female it is composed 
of a thick layer of cells which, especially in the left gonad, 
contains germ cells. This thickening of the germinal epithe- 
lium in the female is thought by Swift to be the most valuable 
criterion for sex determination. 

The criteria of relative size of the right and left gonads 
and the thickness of the germinal epithelium permit the 
identification of sex at about the sixth day of incubation, 
while, by using the chromosome complex, sex can be dis- 
tinguished at any age. Whether the peculiar-shaped chromo- 
some really controls sex in the developing embryo or is merely 
characteristic of the sex is immaterial in this phase of study, 
for the fact remains that the chromosome complex of the male 
fowl contains two V-shaped chromosomes and that of the 
female, only one. Since these V-shaped chromosomes are 
always constant in the two sexes, they give a more trust- 
worthy criterion for sex determination than any other known 
characteristic. Material fixed in the solution described above 
shows the chromosome complex clearly. 

ORIGIN, MIGRATION, AND THE INDIFFERENT STAGE 

The primordial germ cells are first to be seen in the embryo 
during the primitive-streak stage. They are to be found at 
the outer edge of the proamnion, just at the margin of the 
zone of junction, anterior and anterolateral to the head fold 
(fig. 1). They bud off from the inner portion of the entoderm 
and are found in the proamnionic area within the space be- 
tween the entoderm and ectoderm before the mesoderm arises 
(fig. 2). 

Later, when the mesoderm extends into this area, the pri- 
mordial germ cells become incorporated into it and pass, 
by amoeboid movement, into the blood vessels which are being 
formed there. They follow the flow of the blood stream in 
the extra-embryonic region and up to about thirty-three-hour 
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iiiciibatioii may be found only in the extra-embryonic regions 
(fig. 3). No primordial germ cells can be found in the embryo 
proper during this period, although they are relatively com- 
mon in the extra-embryonic region. 

Dantscliakoff (’08), while studying the development of the 
blood cells of the fowl, observed that certain large cells were 
budded off from the entodermal germ wall anterior to the 
primitive streak, to which she gave the name, ‘entodermal 
wandering cells.’ These cells penetrate the walls of the blood 
vessels and are carried around in the blood stream. She 
reports their disappearance from the blood stream at about 
the time of the formation of the 21st somite. She described 
these cells as being larger than the blood cells, with many 
yolk spheres, and often showing pseudopods. Swift (’14) 
found these entodermal wandering cells to be the primordial 
germ cells in migration. The material used in this study 
shows very clearly the same condition as described by Dant- 
schakoff and Swdft. 

At about thirty-three hours ’ incubation, the embryonic and 
extra-embryonic circulatory systems anastomose, and follow- 
ing this age the primordial germ cells can be found in the 
embryo proper. 

Since no primordial germ cells are found in the embryo 
until the junction of the two blood systems, it is to be assumed 
that the only point of origin is outside the embryo and that 
the germ cells depend upon the blood system to take them 
to the regions of the future gonads (figs. 3 and 4). 

The primordial germ cells remain distributed throughout 
the embryo until about the fortieth hour of incubation, at 
which time they become relatively more numerous in the re- 
gion where the future gonads are to develop. They are still 
common in the blood stream, and some are to be found in such 
out-of-the-way places as in the mesoderm of the head (fig. 5) 
and in the splanchnic entoderm. These germ cells which fail 
to reach the gonads probably degenerate where they are. 

In the two-day embryo the majority of the primordial germ 
cells are to be found gathering in the splanchnic mesoderm. 
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althougli some still remain in the blood stream. Those which 
still remain in the blood vessels are, as a general ride, near 
the curve of the coelomic cavity closely related with the region 
of the radix mesenterii. 

In the three- and-one-half-day chick the primordial germ 
cells are located in the radix mesenterii and coelomic epithe- 
lium on both sides of the coelomic angle. 

In the four-day embryo the germinal epithelium is devel- 
oped along the median surface of the wolffian body. It is 
composed of cuboidal and columnar cells. Along the anterior 
portion of the wmlffian body the gonads are being formed by 
the appearance of a stroma beneath the germinal epithelium. 
Located throughout this stroma and in the adjacent region 
are the primordial germ cells. However, by far the greater 
number of these cells are located in the gonad area proper 
(fig. 7). 

In the stages when the primordial germ cells are in the 
blood stream and also from the time of leaving the blood 
stream until they reach their final destiny in the gonads they 
are at most times distinctly amoeboid. Although they are 
capable of throwing out pseudopoda while in the blood stream, 
these processes are not as definite or elongated as they become 
during the period of active migration from the blood stream 
to the gonadal region. 


THE FEMALE 

Embryo 

In the five-, six-, and seven-day embryos the sex can be 
fairly accurately ascertained by the relative size of the right 
and left gonads, and by the thickness of the germinal epithe- 
lium, although, to be positive of the identification, it is well 
to rely upon the chromosome complex. Prior to this age, the 
development is practically the same in both sexes, and since 
previous workers have placed these ages under the indifferent 
stages they have been discussed in this paper under the same 
heading. If wm accept the chromosome theory of sex in- 
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heritance, these earlier stages are not indifferent to sex, but 
are merely parallel in development, the differentiating marks 
not becoming evident until the end of this period, but the sex 
of any stage can easily be determined by a study of the 
chromosomes. 

During the fifth day of incubation, the cords of the first 
proliferations are beginning to develop. The thickness of 
the germinal epithelium remains about the same, but along 
the inner surface there are budding processes to be seen grow- 
ing out into the stroma. The buds are the first appearance of 
the cords of the first proliferation. Although the primordial 
germ cells do not take an active part in this growth, they 
are carried along in these budding processes. After the cords 
are extended to a considerable depth into the underlying 
stroma, they become separated from the germinal epithelium. 
These cords increase to a considerable size before they be- 
come broken up to form the greater portion of the tissue 
mass beneath the epithelium. Although they become broken 
up and fragmentary, they still retain their original orienta- 
tion perpendicular to the germinal epithelium. 

During the sixth day of incubation, the formation of the 
cords of the first proliferation ceases rather abruptly, and 
it is at this time the sex of the embryo can be definitely 
established bythe use of the old criteria. 

During these ages (five, six, seven days) there is very little 
division among the primordial germ cells. From the time 
they reach their position in the gonads to about the eighth 
day of incubation they remain in a quiescent condition (fig. 9), 
resulting in the necessity of using the somatic cells when a 
study of the chromosome complex was made for the identifi- 
cation of sex. 

The eight-, nine-, ten-, and eleven-day embryos can be 
classed together, since the main activity of the ovary of these 
ages is the rapidity of division which occurs in the primordial 
germ cells during the formation of the cords of the second 
proliferation (fig. 10). These cords are composed almost 
entirely of primordial germ cells. 
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Swift (’15) reports a rearrangement of the mitochondria 
of these ages into the mitochondrial crescent, and he believes 
this rearrangement to mark the end of the primordial germ 
ceils and the beginning of the definitive germ cells, the 
oogoiiial and spermatogonial generation- As stated above, 
the fixation used in this study was not prepared with the idea 
of preserving the cytoplasmic inclusions, so this material 
does not demonstrate the mitochondrial crescent described 
by Swift. 

The ovary of the eleven-day embryo is becoming large, due, 
in a great measure, to the growth of the cords of the second 
proliferation and the accompanying increase in the number 
of the primordial germ cells (fig. 11). The medullary cords 
in the portion of the gonads toward the wolfiian body have 
become longer and thicker with cavities developed. These 
cavities are lined with epithelial cells similar to a lumen 
and radiate toward the germinal epithelium. 

The next stage worthy of note in the female germ plasm 
is the fifteen-day embryo. There are three very distinct 
changes in the primordial germ cells in the cortical region 
of this age: First, the cells are somewhat reduced in size, 
but they are still much larger than the epithelial cells. 
Secondly, the nuclear wall is broken down, and, thirdly, the 
chromatin material shows a decided tendency toward a mass- 
ing (fig. 13). 

Probably the best criterion for the identification of the 
primordial germ cells of this and the subsequent stages is 
the nuclear activity. Firket ( ’14) reports that it is at about 
this age that the degeneration of the primordial germ cells 
sets in; and, indeed, those cells within the region of the 
cortical cords of this stage do strongly indicate such a be- 
ginning of degeneration. 

As far as observed, there was very little indication of 
cell division in the cortical cords of this age. All the pri- 
mordial germ cells are going through this same change in 
appearance. The nucleus loses its clear staining reaction and 
many chromatin clumps are scattered throughout the karyo- 
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plasm. Ill some cells a portion of these masses are connected 
by thin strands of chromatin, while in other cells the masses 
are lying free with no connections between each other. 

The above changes, with several important additions, are 
also to be seen in the sixteen-day embryo. The small chro- 
matin clumps described in the fifteen-day embryo have be- 
come, in nearly all cases, aggregated into one irregular mass. 
The cytoplasm is clumpy and irregularly distributed and the 
karyoplasm shows practically no staining reactions (figs. 14 
and 15). The primordial germ cells of this stage certainly 
suggest degeneration to a marked degree, and if one were 
observing only the fifteen- and sixteen-day embryos there 
would be no doubt in his mind as to the occurrence of de- 
generation. However, the later stages show conclusively that 
this is not a degenerating process. 

In the eighteen-day embryo, contrary to expectations, the 
irregular masses of chromatin described in the sixteen-day 
stage are beginning to show signs of a loosening up or un- 
raveling instead of further indications of degeneration (fig. 
16). The nucleus of this age resembles very much that of the 
fifteen-day stage. The chromatin masses are again distrib- 
uted in smaller clumps with connecting strands of chromatin 
between. However, the strands of connecting chromatin in 
the eighteen-day ovary are decidedly more definite and con- 
densed in character than those sHands of the fifteen-day stage. 

The cytoplasm is losing its irregular appearance and is 
returning to a more healthy and normal aiipearance after the 
degenerative condition during the fifteen- and sixteen-day 
stages. The karyoplasm is again normal in staining reaction 
and does not show the sickly appearance as described for the 
sixteen-day ovary. 

It is very evident that the fifteen-, sixteen-, seventeen-, and 
eighteen-day stages above described are normal synizeses 
in which the prochromosomes have migrated to a common 
point and have become massed together into a more or less 
dense intensely staining knot. Such an appearance of synize- 
sis before the occurrence of the leptotene threads have been 
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demonstrated by Nonidez (’20) in the beetle Blaps, and by 
Arnold (’08) in Hydrophilus. 

The epithelial cells throughout the ovary and the pri- 
mordial germ cells outside the cortical region appear as nor- 
mal resting cells in every respect during this time. Mitotic 
figures are very rare during this time, due probably to the 
fact that the strength of the organ is being used up by the 
primordial germ cells in their transformation. 

By the time the embryo reaches the age of twenty days’ 
incubation the chromatin clumps described as beginning to 
unravel in the eighteen-day stage have become beautifully 
spun out into definite leptotene threads of the bouquet stage 
with a basal chromatin mass from which the threads radiate 
(fig. 17). The cells are quite a bit larger than those in the 
earlier stages of synizesis. 

As is true in any animal, the earlier stages of synizesis here 
suggest degeneration to a great extent, and unless the later 
stages, in which the leptotene threads appear, are clearly 
fixed and stained, the conclusion that degeneration does take 
place is excusable. 

During the study of all of these stages there has been no 
hint of a transformation of epithelial cells into germ cells 
observed. The epithelial cells in all ages are of the same 
general size and in the same general condition, such as would 
be expected of any definite somatic tissue. 

The study made on this material shows conclusively that the 
conditions simulating degeneration reported by Firket (’14) 
to begin at about fourteen or fifteen days’ incubation and to 
continue through to about fifteen days after hatching are not 
degenerative processes, but rather are only the normal synap- 
tic stages found in the oogonia and spermatogonia of many 
animals. Although synapsis has not been previously reported 
for birds, these stages just described are clearly synapses 
and conform definitely to the synaptic stages which occur 
in other forms. 

It seems very probable that these stages were overlooked 
by Firket or that his material did not show well-fixed cases 
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ill which these stages could be satisfactorily studied. This 
material has been shown to numerous students of cellular 
phenomena, and the interpretation here given has received 
full credence from them. 

APTEB HATCHING 

111 the two-day chick the leptotene threads are still dis- 
tinguishable. They are not as clear as they were in the 
twenty-day embryo, and the basal chromatin mass has dis- 
appeared. The nuclear walls are still absent, although there 
is a slight indication of its reappearance. The follicle cells 
derived from the epithelium are beginning to be placed around 
the definitive ovum as the first indication of the formation of 
the follicle ring (fig. 18). We shall see in the later stages 
that these cells do form the follicle, as is indicated in this 
growth. 

Although Swift takes the appearance of the mitochondrial 
crescent to indicate the transformation of the primordial germ 
cells into the definitive ova, it seems more plausible to con- 
sider the first appearance of the synizesis stage to be in- 
dicative of the transformation of the primordial germ cells 
into definitive ova. This, then, would cause us to consider 
the germ cells of the fifteen-day embryo to be the definitive 
ova. 

Ill the ten-day chick the primordial germ cells or definitive 
ova, as they should now be called, have returned to the typical 
resting stage. The leptotene threads have all disappeared 
and the nuclear wall is again evident. The nucleus itself is in 
or near the center of the cell and is in a reticulated condition, 
showing no signs of further activity. The cells have attained 
a size considerably larger than the original primordial germ 
cell, due to placement of yolk material or deutoplasm. They 
stain very lightly and are very numerous in the cortical re- 
gion of the ovary. They are now very definitely surrounded 
by the follicle ring (fig. 19). 

Not all of the germ cells enter into this growth period, but 
relatively only a few. It may be that those cells which are 
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destined to be extruded during the first ovulation period are 
the ones which exhibit this growth. The follicle ring is not 
yet compact nor arranged in the condensed ring of the later 
stages. 

In the thirty-seven-day chick the definitive ova have in- 
creased in size to a marked degree. The amount of deuto- 
plasm has increased to such an extent that the follicle cells 
are forced out into a densely staining ring. The cells of the 
follicle are still cuboidal in shape, but instead of the longi- 
tudinal axis of the cell being parallel to the egg nucleus, they 
are now placed at right angles to it. The nucleus has not as 
yet started its migration to the periphery of the ovum, being 
still at or near the center of the deutoplasm. The deutoplasm 
shows no differentiation into different types of granules, 
being a continuous mass of homogeneous material. 

In the forty-six- and fifty-two-day chick the border of large 
yolk granules is noticeable around the outer edge of the cell. 
This is the first appearance of the- differentiation of the yolk 
material into large and small granules so noticeable in the 
later stages. The large granules are placed in a matrix of the 
smaller granules that was present in the earlier stages. There 
is a definite gradation in the size of the yolk spheres with the 
larger ones near the periphery and the smaller ones toward 
the nucleus (fig*. 21). 

In the sixty-five-day chick the nucleus shows signs of re- 
newed activity. Darkly staining bead-like masses of chro- 
matin material are arranged in linear rows with indications 
of attachment between each mass. Although these rows are 
very short and irregularly arranged, they strongly suggest 
a reappearance of the chromatin threads which were disinte- 
grating in the two-day chick (fig. 20). 

In the sixty-nine-day chick the nucleus has become tempo- 
rarily definitely activated, and the threads that disappeared 
just after hatching are again evident. These threads are 
much heavier and thicker than the former threads, and the 
number (eighteen) corresponds to the haploid number of 
chromosomes (fig. 22). The haploid number and the heavier 
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appearance of the threads indicate the pachytene stage rather 
than the leptotene. Since it is reported that the ova do not 
enter into the maturation divisions until after the breaking 
of the follicles, these stages probably represent only the 
pachytene. The nuclear wall again breaks down during this 
stage. The oogonial nucleus returns to the typical resting 
stage following this activity, and the growth of the egg 
continues. 

In the ninety-one-day chick the nucleus of the developing 
ovum has returned to the normal resting stage, with no signs 
of further activity. It remains in the center of the deuto- 
plasm. The follicle and deutoplasm are in the same general 
condition as described for the earlier stages, with the only 
noticeable difference being in the increase, in size (fig. 23). 

Prom the ninety-ninth day to about five and one-half 
months after hatching, the ovum continues its steady increase 
in size, with no outstanding changes, except that of growth. 
The large and small granules of yolk material are still dis- 
cernible, the larger ones being placed near the periphery of 
the egg (figs. 24, 25, 26). 

Just before the chick reaches sexual maturity the growth 
rate increases very much, resulting in the final supply of 
deutoplasm being collected very rapidly. At about six months 
after hatching, the ovum has increased to such a size that it 
is now supported from the ovary by the follicle stalk. It is 
during this last period of growth that the nucleus migrates 
to the periphery of the egg, causing the appearance of the 
nucleus and neck of Pander in the ovulated egg. 

The foregoing description includes only the oldest of the 
developing ova in each stage. In all stages every size of ova 
may be found, from the resting primordial germ cells to the 
larger ones described. 

Because of the large size of the developing ova, it appears 
that practically the entire ovary is going through this growth 
period, but this is due to the increase in the size of the defini- 
tive ova, and not to any decrease in number of the germ cells. 
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THE MALE 

Embryo 

The male embrj^o of six, seven, eight, and nine days’ incu- 
bation (fig. 28 ) can be grouped together under the same 
discussion, since there is no abrupt changes occurring in these 
ages. It is during this period that sex is easily ascertained 
by the relative size of the right and left gonads, the thickness 
of the germinal epithelium, and by the lack of the cords of 
the second proliferation in the male. 

The cords of the first proliferation appear during the sixth 
day of incubation, as was observed in the female and, like 
the female, the primordial germ cells take no part in this 
formation. These cords are first noticeable as small projec- 
tions from the germinal epithelium growing down into the 
underlying stroma. Although they are not entirely straight 
in line of growth, they all radiate toward a common point — 
the place of attachment of the gonads to the wolffian body. 

The entire gonad is changing shape during this stage. It 
is becoming thicker aiid shorter and is gradually increasing 
in size, while the attachment to the wolffian body is not so 
pronounced as in the younger ages of this same stage. 

The cords of the first proliferation which originate as out- 
growths of the g’erminal epithelium are to form the seminifer- 
ous cords of the older stages and are the part of the gonad 
in which we are most interested. During this stage, these 
cords are separated by a very thin layer of stroma. They 
are composed of two kinds of cells: the peritoneal cells which 
are derivatives of the germinal epithelium and the primordial 
germ cells which are carried in by the epithelial outgrowth. 

The peritoneal cells are much more numerous than the 
primordial germ cells and still retain their cylindrical form. 
The germ cells are as outstanding in this stage as they were 
in the preceding stages and, with the exception of a slight 
reduction in size and the absence of vitellus, are unchanged. 

In the later ages of this stage the stroma is developed more 
just under the germinal epithelium than in the other parts of 
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the gonad, thus forming the albuginea, which is a layer of 
tissue between the germinal epithelium and the seminiferous 
cords. In the remainder of the gonad the stroma still show 
the typical mesenchymal syncytium of the earlier stages. 

In the ten-, eleven-, and twelve-day embryo the seminiferous 
cords do not extend in the regular manner as previously de- 
scribed, but form a sort of network with extensions in all 
directions. The cords have grown in length to a great extent, 
thus causing foldings and convolutions. The peritoneal cells 
are the principal ones present in the cords of this stage, 
although several primordial germ cells are to be seen in a 
single field (fig. 29). These germ cells are still in a quiescent 
condition. A new type of structure, the densely staining in- 
terstitial cells which appear in small groups in the stroma, is 
noticeable in this stage. 

The testes have enlarged to a considerable extent and are 
more rounded in shape. The albuginea is much thicker than 
in the preceding stage and the stroma between the cords is 
gradually increasing in amount. 

In the thirteen- and fourteen-day embryo the testes are still 
larger than in the preceding stage, due to the great increase in 
the amount of stroma. The organ is attached to the wolffian 
body by only a very thin layer of connective tissue. The 
layers of stroma between the cords are almost as thick as the 
cords themselves at this age. 

The seminiferous cords now form an open network after 
having anastomosed with each other at every conceivable 
angle. They are larger in diameter than before, due to the 
rapid increase in number of the primordial germ cells. The 
division rate of the peritoneal cells seems to decrease as that 
of the germ cells increases. The cords stain less intensely 
than before, so that they stand out clearly even under the low- 
power lens. 

From fifteen to eighteen days’ incubation the most outstand- 
ing characteristic of the testes is the great amount of division 
of the primordial germ cells. In so far as the increase in 
number of germ cells is concerned, this stage is comparable 
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to the eight- to eighteen-day female embryo. The seminifer- 
ous cords hraiich and anastomose to form a net'work, as 
described earlier ; however, they contain more germ cells than 
they did in the previous stages. The relative amount of cord 
tissue as compared to the stroma has increased considerably, 
due, of course, to the fact that this is the period of great 
increase in number of the primordial germ cells (fig. 30). 
Divisions among the peritoneal cells is at a standstill, 
although there is no sign of degeneration of these cells. The 
interstitial cells which are probably formed by transforma- 
tion from the stroma cells are more numerous than ever 
before. 

In the stage of eighteen days’ incubation to hatching, the 
seminiferous cords are very large as compared with the pre- 
vious stages (fig. 32). The interstitial cells, which were so 
numerous throughout the stroma of the preceding stages, are 
disappearing. The greatest change is taking place within the 
seminiferous cords. The primordial germ cells or spermato- 
gonia, which have been scattered throughout the cords, are 
now moving or being moved toAvard the basement membrane 
of the cords. Swift’s (’16) suggestion, that they may have 
regained the amoeboid power of the ancestral primordial 
germ cells, is very plausible, since many cells with pseudo- 
ppda extended toward the membrane are to be seen. 

It is during this stage that the lumen appears as a cleft in 
the center of the seminiferous cords. The netAvork of the 
cords are becoming reoriented, so that they extend from the 
germinal epithelium toAvard the wolffian body. The perit- 
oneal cells are also arranged along the basement membrane 
of the cords, due, not to any amoeboid poAver of these cells, 
but rather to the fact that the center of the cords are being 
liquefied during the process of lumen construction, leaving 
intact only those cells near the membrane. 

After hat chin fl 

In the tAvo-day chick the seminiferous cords practically fill 
the entire testes and the stroma is relatweh^ much reduced. 
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Tlie cords now sliow a distinct thongh small lumen and should 
be spoken of as the seminiferous tubules. The peritoneal 
cells are elongated, so that they resemble somewhat the sup- 
porting cells of the adult organ, while the spermatogonial 
cells show but very little mitotic activity (fig. 33). 

Swift (T6) reports that when mitosis does occur, the figure 
is so arranged that the line of cleavage is at right angle to 
the longitudinal axis of the tubule. In the material used in 
this study mitotic figures are arranged at all angles to the 
basement membrane, although the majority are placed as 
described by Swift. 

In the twelve-day chick there is no great change to be seen 
above the two-day stage. The lumen is gradually increasing 
in size, although it is still merely a small tube-like opening, 
and not the great tube figured by Semon ( ’87 ) . The reduc- 
tion in the amount of stroma and interstitial cells is still going 
on, so that very few interstitial cells remain and the amount 
of stroma is noticeably reduced. The cell walls of the sper- 
matogonia appear to be breaking up and a syncytium is being 
formed (fig. 34). 

From this stage on in the development of the testes there 
are no sudden outstanding changes to be seen. It is more of 
a slow continuous process which goes forward gradually until 
maturity is reached. The slit-like lumen of the twelve-day 
chick slowly becomes larger as the process of liquefaction 
continues, until finally the solid seminiferous cords of the 
embryo become the large hollow tubule of the adult. 

When the chick reaches maturity, the spermatogonial cells 
pass through the synaptic stages shown in the late female 
embryo, the two spermatogonial divisions take place and the 
spermatozoon is formed (figs. 35 to 37). 

SIJMMAEY AND DISCUSSION 

This study has corroborated the work of Swift in that no 
widespread degeneration of primordial germ cells has been 
found. Following the period of migration, the primordial 
germ cells come to rest in the g*onads and, in the female em- 
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bryo of eight to eleven days’ incubation and the male of 
fifteen to eighteen days ’ incubation, pass through a period of 
rapid increase in number by division, during which time the 
gonads increase rapidly in size. 

Following this period of increased mitotic activity, the 
female germ cells enter into the first stages of synapsis at 
about fifteen days’ incubation and continue through the syn- 
aptic stages until two days after hatching. At two days after 
hatching, the definitive ova begin to fill with deutoplasm, and 
this process continues until the egg is mature and ovulation 
takes place. 

This study has not demonstrated that no degeneration of 
the primordial germ cells takes place. Such cells simply have 
not been seen. It has certainly demonstrated that degen- 
eration is not the usual process and that if it does occur in 
some cases, enough primordial germ cells are left behind to 
account for the definitive germ cells Avithout calling in the 
germinal epithelium. 

A considerable part of the interest in this problem is 
traceable to the germ-plasm theory of Weismann, that the 
multicellular organism consists of two distinct parts, the soma 
and the germ plasm. As the germ-plasm doctrine was for- 
mally interpreted, it and the views of Waldeyer and the school 
to which he belongs, that already ditferentiated soma tissue 
could give rise to germ cells, are certainly not in accord. 
Perhaps this fact has been largely responsible for the great 
amount of interest in this problem. 

Recent studies haA^'e brought about a reinterpretation of 
Weismann ’s hypothesis, and it is now held that the chro- 
matin material represents the germ plasm, while the cyto- 
plasm is the somatic material. Those cells in Avhich the 
cytoplasm is especially difierentiated becoming the somatic 
cells, while those Avhich retain their general embryonic char- 
acter furnish the germ cells. 

It is evident from this interpretation that the problem of 
the origin of the germ cells become of interest from an em- 
bryological rather than a genetical point of vieAV. It may be 
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said, however, that the work here reported offers no evidence 
that the germ cells are not segregated at an early period in 
the development of the chick embryo nor that there may not 
be a quite definitely maintained continuity of the germ plasm 
even in the earlier sense of the doctrine. Rather, this study 
does offer convincing evidence that, in so far as the chick is 
concerned, there is a definite continuity of the germ plasm 
from the gonads of one generation to the gonads of the fol- 
lowing generation. 


CONCLUSIONS 

From the above discussion of the development of the germ 
plasm of the two sexes of the domestic fowl, the following 
conclusions may be summarized : 

1. The primordial germ cells arise anterior and anterolat- 
eral to the head fold during the primitive-streak stage and 
migrate to the region of the future gonads, using the blood 
stream as the path of migration. 

2. The primordial germ cells are easily recognized by their 
peculiar properties: large size, large clear-staining nucleus, 
and the presence of an attraction sphere and many yolk 
granules. 

3. There are two separate proliferations of cords in the 
ovary. The cords of the first proliferation which form the 
medullary portion of the ovary carry a few primordial germ 
cells which take no part in this proliferation. The cords of 
the second proliferation, which occurs from eight to eleven 
days’ incubation, are made up almost entirely of dividing 
germ cells and form the cortical region of the ovary. 

4. There is only one proliferation of cords in the male 
gonad. This occurs from the sixth to the eighth day of incu- 
bation, as in the female, and they go to form the seminiferous 
tubules of the adult. There is a second period of activity in 
the male from fifteen to eighteen days’ incubation dealing 
almost wholly with the germ cells and can be compared with 
the formation of the cords of the second proliferation in the 
female. 
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5. The sex of any age can be determined by the study of 
the chromosome complex. The male contains two large 
V-shaped chromosomes, while the female has only one. 

6. A fixation solution, containing 15 parts 1 per cent chro- 
mic acid, 4 parts 2 per cent potassium dichromate, and 1 part 
concentrated glacial acetic acid, permits a definita identifica- 
tion of the chromosomes of the somatic tissue and young germ 
cells. 

7. The synaptic stages of oogenesis occur from fifteen days ’ 
incubation to two days after hatching and the synaptic threads 
reappear about seventy days after hatching in the diploid 
number. Synapsis occurs in the male at the time the bird 
reaches sexual maturity. 

8. The accumulation of yolk material in the ova sets in soon 
after hatching and continues until ovulation. 

9. There is no evidence of a widespread degeneration of 
the primordial germ cells of either sex, and these primordial 
germ cells continue through to form the definitive germ 
plasm. 
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EXPLANATION OP PLATES 

The following figures were drawn with the aid of the camera lueida from 
sections cut 4, 5, and 7 m and fixed with the solution previously described. All 
material was stained with Heidenliain^s iron haematoxylin. Any combinations 
of objectives and oculars were used that seemed best, and the magnification was 
carefully calculated. 

ABBREVIATIONS 


AT.S., attraction sphere 
BL.C., blood cells 
G.G., cortical cords 
D.O., definitive ovum 
ECT., ectoderm 
ENT., entoderm 
EOL., follicle 
G.E., germinal epithelium 
INT.C., interstitial cell 
L., lumen 


M.C., medullary cords 
MES., mesoderm 
P.G.C., primordial germ cell 
SEM.C., seminiferous cords 
SEM.TTJB., seminiferous tubule 
STB., stroma 
VIT., vitellus 

W. S.C., wall of blood vessel 

X. , se?: chromosome 
YOLK, yolk material 
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PLATE 1 


EXPLANATION- OP FIGURES 

1 Section through the region anterior to the head fold of a fourteen-hour 
embryo showing the possible primordial germ cells still embedded in the entoderm. 
This indicates the great difference in size between the primordial germ cells and 
the somatic cells. Yolk material is common in all cells of this age. The metaphase 
plate showing the two V-shaped chromosomes indicates a possible male. This 
gives an oblique view of the sex chromosomes. 

2 Section through the region anterolateral to the head fold of a sixteen-hour 
embryo, showing a primordial germ cell in the space where the mesoderm will 
later arise. 

3 A primordial germ cell in a blood vessel of the splanchnopleure of a 
twenty-four-hour embryo, showing the blood vessel to be the path of migration. 

4 Primordial germ cells in a blood vessel near the otic cup in a forty-six- 
liour embryo. This figure illustrates the relative size of the primordial germ 
cells and the blood cells. There are no germ cells found in the embryo proper 
until after the thirty-third hour of incubation; that is to say, until after the 
extra-embryonic and embryonic circulation anastomoses. 

5 A primordial germ cell which has left the circulation at the wrong place. 
This was found in the head region of a fifty-five-hour embryo. Such misplaced 
cells are sometimes found in various parts of the embryo. Because of the 
presence of an attraction sphere, this cell is considered a germ cell rather 
than a local giant cell. Note the pseudopoda exhibited by this cell. 

6 A metaphase plate from the neural tube of the .same embryo as figure 3, 
showing one V-shaped chromosome indicating a probable female. 

7 A section through the gonad region of a four-day embryo. The primordial 
germ cells are gathering in the stroma. The one-layered epitliolium indicates 
a male. 

8 Tlie chromosome complex of the embryo figured in figure 7, showing the 
two V-shaped sex chromosomes which show this to be a male, as is indicated 
by the thinness of the germinal epithelium. 
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PLATE 2 

EXPLANATION OP FIGURES 

9 A i^ortiou of the ovaiy of a seven-day embryo, showing the primordial 
germ cells placed in the germinal epithelium. The thickness of the germinal 
epitlielium is indicative of a female. 

10 A portion of the ovary of a nine-day chick embryo, showing the full 
thirty -six chromosomes with the sex ehromosomca indicative of a female. Division 
of the germ cells is common in this age. 

11 A portion of the ovary from an eleven-day embryo. Division of the 
germ cells is still common at this age. 

12 A metaphase plate from the same embryo as figure 11. The one sex 
chromosome identifies it as being a female. 

13 Section from the gonads of a fifteen-day female embryo. This shows the 
first step in the maturation process which is sotting in at this age. The chromatin 
material is scattered in clumps throughout the cell and the nuclear wall has 
disappeared. 

14 A low-power view of a section of the ovary of a sixteen-day embryo, 
showing the extent of the cortical cords .and the appearance of the chromatin 
material during the normal synizesis stage which occurs iu the fowl before the 
formation of the leptotene threads instead of after their formation. Note that 
it is only tlie germ colls which arc affected by this contraction. 
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PLATE 3 


EXPLANATION OP FIGURES 

15 A view of the syiiizesis with high power, to show the condition of the 
germ cells during this process. This figure was taken from the same embryo 
as -figure 14. 

16 A section from the gonads of an eighteen-day female embryo in which 
the synizesis stage is giving over to the spinning out of the leptotene threads. 
This appears very similar to the fifteen-dsiy stage, except that the connective 
strands of chromatin material arc more contrastive than in the fifteen-day stage. 
There are quite a few germ cells still in the synizesis stage, although the majority 
of them are unraveling at this age. 

17 The germ cells of the twenty-day female embryo, showing the leptotene 
threads that have resulted from the unraveling of the synizesis of the sixteen- 
day stage. There is a slight hint of pairing of these leptotene threads that 
is to be investigated further. The threads radiate from the basal chromatin 
mass, showing the typical bouquet stage. 

18 A highly magnified view of one germ cell from the female gonad two days 
after hatching. This shows the slow disappearance of the leptotene threads, 
the enlargement of the cell and the suggestion of the placement of the follicle 
cells into a ring. As can be seen, this cell is already considerably larger than 
the germ cells of the earlier stages, due to the accumulation of yolk material 
having already set in. 

19 A section of the ovary from a ten-day chick, showing the enlargement 
of the definitive ova by the addition of yolk material. The follicle cells are 
aggregated into a definite ring around the ovum, while supporting cells may be 
seen outside the follicle ring. 
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PLATE 4 


EXPLANATION OP FIGURES 

20 A photomicrograph of a single ovum from tlie ovary of a chick fifty-two 
days after hatching. 

21 A section of the ovary from a sixty-five-day-old chick. Not as highly 
magnified as figure 20. Chromatin granules probaldy representing the chromatin 
threads are beginning to appear in this stage. 

22 A highly magnified photomicrograph of the ovum from a sixty-nine-day- 
old chick, showing the reappearance of the chromatin threads of the pachytene 
stage. The threads are in the haploid number and are much heavier than the 
leptotene threads. The nuclear wall is broken down during this process. 

23 A section through the ovary of a chick ninety-nine days old. Note 
the occurrence of much smaller ova in this same field. 

24 A section through the ovary of a 115-day-old chick, showing the nucleus 
still in the center of the egg and further condensation of the follicle ring. The 
dark-staining yolk nucleus is shown placed to one side of the egg nucleus. 

25 A section of an egg from a chick 180 days after hatching. Note the 
definite ring of large yolk granules near the periphery of the egg. 

26 The adult ovary taken from an individual killed during the ovulation 
period, showing the condition of the sexually mature ovary. The various sizes 
of developing ova are to l)e seen. The supporting follicle stalks are shown 
attached to some of the larger eggs. 
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PLATE 5 

EXPLANATION OP FIGURES 

27 A section tlircmgli the gonad of a five-day male embryo. The metaphase 
plate containing the two sex elironiosomes sliow this specimen to he a male. 
Division of the primordial germ cell is very rare in this stage. 

2S A section through the goimds of an eight-day male embryo, showing the 
ramifications of the seminifeiams cords carrying with them the primordial germ 
cells. The germinal epithelium is thicker in this stage than in the previous 
stage. 

29 A section from the testes of a twelve-day male embryo. This shows the 
first appearance of the interstitial cells in the stroma between the seminiferous 
cords. The cords fake the stain less readily than in the earlier stages, resulting 
in the lighter appearance of these cords. 

SO A section of a fifteen -day-old testis. Division among the primordial germ 
cells of this age is not uncommon. 

31 A metaphase plate of a jivimordial germ cell in division from the same 
embryo as figure 30. Tlie presence of the two sex cliromosnmes shows this 
sample to be a male. 
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PLATE 6 

EXPLANA'J’ION OF li’IOURES 

32 A section througli the testes from ;ui eighteen-day emhryo, sliowing that 
the plane of cleavage of the primordial germ cells is not limited at right angles 
to the hasement membrane of the cords, hut .cnn occur at any angle. Tlie 
stroma is much thinner in this stage than in the previous ones. 

33 A section through the testes of a chick two days after hatching. Note 
the very light appearance of the semiuiferon.s tulniles and the hmien which 
occurs for the first time at this ago. Liquefaction of tlio peritoneal cells in the 
center of the cords is almost complete, so that all the cells, both peritoneal and 
germ cells, are arranged along the hasement niemlrrane. 

34 A section throngh the testes of a chick twelve days after hatching, showing 
the enlargement of the lumen and the appearance of a syncytium. 
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PLATE 7 


ilXPLANATlON OP FIGURES 

35 A longitudin.al section tlirougli a seminiferous tiilnilo of a fifty-one-daY-old 
cliiek. The tubule is in the same condition as that of the preceding stage, 
except for the increase in size, 

36 A cross-section of a seminiferous tubule of a ninety-six-day-old chick. 
The lumen is larger and the ehronmtin material of the cells of the tybule is 
aggregated into clumps of various sizes scattered throughout the nucleus. 

37 A portion of a seminiferous tubule from a sexually mature bird, showing 
the resting gonial cells, the occurrence of synapsis, and the m.aturo sponn.'itozoon. 
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author’s abstract 

In this study observations are reported upon the morphological differences between the 
three-toed and two-toed forma of sloths, as well as a comparison made of some aspects 
between the sloths and the other groups of the Xenarthra. Much attention has been paid 
to the gross, as well as the histological examination of the viscera, musculature, and the 
vascular and lymphatic systems. 

The importance of the correlation of the morphological findings with physiological 
studies has been emphasized. For examifie, the probable correlation of the vascular plexuses 
of the extremities with the postures and muscular activity of the different members of the 
Xenarthra is discussed. Much new information has been gained concerning the placentation 
and development of the sloths, as well as concerning the structure of the male and female 
reproductive tracts. 
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INTEODUCTION 

The morphology of the Xenarthra has been studied by 
numerous comparative anatomists, so that a rather extensive 
literature exists on some aspects of the anatomy of the sloth. 
Thus the skeleton, teeth, vascular system, and musculature 
have been repeatedly investigated. Other structures, such 
as the central nervous system, ductless glands, the viscera, 
and the reproductive tract, as well as the placentation and 
development, have been only inadequately studied. More- 
over, all the existing work has been of gross morphological 
character, scarcely any microscopic observations having been 
undertaken. Furthermore, aside from the external char- 
acteristics and skeleton, which have been used for classifica- 
tory purposes, no careful comparison has been made between 
the anatomy of the three-toed and two-toed forms of sloths. 

Since several laboratories have been established in recent 
years in tropical America, an opportunity has arisen to study 
more extensively the xjhysiology and moiq^hology of these 
extremely specialized and widely aberrant mammals. Some- 
thing has been written about the sloth’s habits by naturalists 
in the field and from occasional specimens kept in cax)tivity 
in zoological gardens. Thus, observations upon its arboreal 
life, its posture, sluggishness, insensibility to fatigue, low 
body temperature, etc., have been recorded. But this inter- 
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esting mammal deserves more detailed study than was 
hitherto possible. Its physical organization differing in many 
ways from any other existing mammals, its well-nigh nnique 
muscular activity and postural reactions, its metabolism and 
heat regulation present problems which can now be attacked. 

Such investigations will necessitate a correlated knowledge 
of the gross and microscopic structure of the sloth with the 
physiological observations. With the end in view of study- 
ing the sloth at first hand in the living state and by securing 
tissues fresh and in ample amount by autopsy of recently 
killed animals, Dr. G. P. Eichter and I spent several summers 
at the Barro Colorado Island Laboratory in the Panama 
Canal Zone. The writer conducted the morphological side 
of these investigations and obtained much new information 
upon the anatomy of the sloth, which it is the object of this 
paper to present. This survey of the morphology of the sloth 
is in no sense complete, the aspects chosen for study being 
those which bore a relationship to the immediate physiologi- 
cal problems. Thus much attention was paid to the histo- 
logical examination of the tissues, more particularly to the 
muscle and ductless glands. A survey was also made of the 
morphological differences between the three-toed and two- 
toed forms of sloths, as well as a comparison of some aspects 
between the sloths and the other groups of the Xenarthra. 

Some structures, for example, the skeleton, teeth, and 
gastro-intestinal tract, were largely neglected. These omis- 
sions are treated by reference to literature when such exists. 
It is hoped that the bibliography may serve as a key to the 
literature on the sloth, but it is borne in mind that much 
may have been overlooked, for the morphological accounts 
are often buried in comparative anatomical papers on mam- 
mals which do not reveal in their titles whether members of 
the Xenarthra were dissected or not. Moreover, the litera- 
ture on the taxonomy and paleontology and early historical 
references to sloths are not fully presented, but references to 
the important recent articles on these subjects are given in 
which the complete literature may be found. 
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MATERIAL 

Tlie material for these observations was studied at the 
Barro Colorado Island Laboratory in the Panama Canal 
Zone. The sloths were purchased alive from the natives of 
the Canal Zone, who obtained them from the Zone or adjacent 
parts of the Republic of Panama. Two varieties of sloths 
were procured. They were identified from Goldman (’20) 
as the three-toed sloth, Bradypus griseus griseus Gray, and 
the two-toed sloth, Choloepus hoffmanni Peters. In all, some 
fifty animals were available for morphological work, of which 
three-fourths were of the tridactyl form, the remainder two- 
toed sloths. A large proportion of the tridactyl sloths were 
pregnant, so that a valuable series of fetuses was obtained. 
The animals were kept in an enclosure at the laboratory until 
experimented upon or killed for autopsy. 

In addition to this material, the writer has had occasion 
to autopsy four specimens of the armadillo (Dasypus novem- 
cinctus) and to dissect two embalmed specimens of anteaters 
(Tamandua tetradactyla and Cyclopes didactylus), which 
were obtained through the courtesy of Mr. Gerrit S. Miller, 
Jr., of the U. S. National Museum. The study of this ma- 
terial has allowed certain comparisons to be made between 
the groups of the Xenarthra. 

EXTERNAL CHARACTERS 

It appears important to the author to 'preface this whole 
paper by a description of the difference in posture between 
the three-toed and two-toed sloths, because of the prevailing 
ignorance on this subject and the erroneous conclusions it 
has led to by comparative anatomists basing teleological argu- 
ments as to structure upon the mistaken belief that sloths 
universally spend most of their time hanging by all four 
limbs. These observations were possible because of the op- 
portunity to study constantly the movements and postures of 
a number of living sloths in what amounted to a normal en- 
vironment. Of the two forms considered, it is only true of 
Choloepus that it spends much of its time suspended equally 
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by all four limbs. Its front and hind extremities are nearly 
equal in length and it hangs habitually by them with its trunk 
in a nearly horizontal position. Bradypus griseus, on the 
other hand, scarcely ever hangs in the manner described for 
Choloepus, but spends most of its time asleep and waking 
in a squatting or sitting position, its hind limbs embracing 
a stem or a crotch of a tree, while its arms are free to be 
used for grasping foliage to be guided toward the mouth or 
for climbing. Hence, in the normal posture the trunk of 
Bradypus is perpendicular. When asleep, the hind extremi- 
ties are used for support, the arms recline relaxed over the 
abdomen, and the head droops upon the chest or abdomen 
with the head and neck markedly bowed. Anatomically, also, 
the limbs are quite dissimilar from those of Choloepus. The 
fore limbs are extremely long, whereas the hind limbs are 
short. The proportion in the adult is as 10 to 7. This dis- 
crepancy in the relative length of the limbs is established 
early in uterine life, a fetus of 27 mm. (length of spine with- 
out tail over back) possessing fore limbs measuring 8 mm. ; 
hind limbs, 5 mm. ,* another fetus of 36 mm. possessing limbs 
measuring 15 mm. and 10 mm., respectively. In Choloepus, 
on the other hand, the proportion of anterior extremities to 
posterior extremities is approximately as 10 to 9.5 in the 
adult and as 10 to 9 in a fetal specimen. In absolute length 
the fore limb of Bradypus is the longer, its hind limb the 
shorter of any of the extremities of the two genera. The 
great length of the fore limb of Bradypus is in great measure 
due to the relatively greater length of the humerus than in 
Choloepus. Furthermore, other anatomical differences are 
related most likely to the differences in posture. Thus the 
large calcaneus in Brad^q)us appears to be ideally qualified 
for aiding the foot in grasping* upright limbs and in support- 
ing the entire weight of the body in a perpendicular posture. 
In Choloepus, in which the body is usually suspended by the 
extremities, the calcaneus is correspondingly smaller. More- 
over, in Choloepus, which assumes the hanging position 
almost constantly, the feet are provided with thick, rubbery, 
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hairless palms and soles, whereas in Bradypus the flexor sur- 
faces of the hands and feet are covered by hair. Thus, there 
is a characteristic difference between th.e forms in reference 
to the length of limbs and the posture assumed by each (figs. 
1, 2, 3, 4, 5, and 11) . 

It is interesting in this connection that Richter’s studies 
(’26) have shown that their postural responses to decerebra- 
tion are different. In none of the older papers (Brehm, ’12; 
Meneganx, ’09; Anthony, ’07) is there a distinction made be- 
tween the postures and climbing habits of the didactyl and 
tridactyl sloths. The present discrimination, however, should 
be extremely important in all further discussions of the cor- 
relation of morphology and posture in these animals. In the 
past it has been assumed in such discussions that the postures 
in the two forms are nearly identical. In this paper much of 
the reasoning on this old assumption will be shown to be 
fallacious. The foundation for the marked differences in the 
limbs and postures of the present-day sloths must be sought 
by future study of the fossil forms. 

The external characters of the sloths of Central America 
in reference to their classification are described in an older 
work by Alston (’79), by Elliot (’04), and others, and, more 
recently, for Panama by Goldman (’20). A description of 
the external characters of Bradypus cuculliger cuculliger 
Wagler, of British Guiana, is given by Beebe (’26), whereas 
a description of the outward ax^pearance of sloths in general 
without taxonomic value is given by Brehm ( ’12). 

Of the two species under consideration in the present ac- 
count, Bradyxjus griseus griseus, the three-toed sloth, pos- 
sesses a consx3icuous secondary sex marking in the male, the 
so-called ‘saddle-mark,’ an area of short, brilliantly colored 
hair over the dorsum. This is the only way that the males 
can be told externally from the females. The other species, 
Choloepus hoffmanni, the two-toed sloth, has no such dis- 
tinguishing mark, and the author has found no means of dis- 
criminating the sexes externally. 
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Tlie pelage of the adult tridaetyl sloth consists of short, 
dense, silky under fur and of long- coarse hair. In the region 
of the ^saddle-mark’ the hair is absent, so that the mark 
forms a depression covered by- short, matted under fur. The 
color of the mark is white or orange, with a median stripe of 
black fur dividing it into bilateral fields. The latter fields 
are often subdivided by an incomplete black bar, in some in- 
stances giving the appearance of a cross. In the female the 
dorsum is uniformly covered by coarse hair, but if the hair 
is clipped away the under fur reveals a concealed pattern 
similar to the ^saddle-mark’ of the male. In a series of 
fetuses of the tridactyl sloth which was obtained it has been 
observed that the ^saddle-mark’ is anticipated in both male 
and female fetuses, before the hair has erupted, by pig- 
mentary markings in the form of a dorsal sagittal stripe of 
black pigment with white fields to either side broken up to 
some extent by small blotches of pigment. As the hair de- 
velops in fetuses of 130 to 135 mm. (length of spine without 
tail over back), the same relationship of markings is retained 
in both sexes. After birth, however, as the coarse outer hair 
develops, these markings become almost completely obscured 
in both male and female. The male cannot be distinguished 
from the female until, as puberty approaches, the outer fur 
disappears in the localized area over the dorsum, producing 
the characteristic male ‘ saddle-mark. ’ 

The present material has given an opportunity to investi- 
gate the development of the hair in a series of fetuses of 
Bradypus, as well as to point out a possible relationship of 
the lines of hair direction to the postures in Choloepus and 
Bradypus. 

In Bradypus griseus the hair begins to erupt in fetuses of 
130 to 135 mm., beginning from a center of hair growth in 
the midline between the shoulders. In its further eruption 
the hair extends from this center upward, spreading over 
neck, head, shoulders, and down the dorsum of the arms. It 
also extends down the back from the primary center. Eventu- 
ally, the hair extends from the shoulders onto the chest and 
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abdomen, directed caiidally, and reaches the posterior ex- 
tremities. Finally, the hair from the upper part of the back 
and hair sweeping around from the abdomen meet over the 
sacrum and tail in a whorl and raphe in which the hair is 
directed centripetally instead of centrifugally as in the pri- 
mary center between the shoulders. A more detailed account 
of the development of pigmentation and the growth of the 
hair during fetal life will be found in a previous paper by 
the author (Wislocki, ’27). 

The direction of the pattern of the definitive hair coat of 
Bradypus griseus is identical with that established during 
fetal life, except that the hair of the neck and head in the 
adult tends to part in the dorsal midline anterior to the 
primary hair center. Considering the direction of the hair 
lines as described, in relation to the posture of the three-toed 
sloth, it is obvious that the pattern facilitates the maximum 
shedding of rain water to which the animal is frequently ex- 
posed. In keeping with such a conception is the fact that in 
the adult two-toed sloth which hangs by all four legs with 
the body horizontal, the hair direction is entirely different, 
the hair on the limbs lying in the direction from the ends of 
the extremities toward the dependent trunk and, on the trunk, 
from chest and abdomen toward the dorsum, where it forms 
a conspicuous fringe of long coarse hair lowermost of all. 
Unfortunately, there are no fetuses of two-toed sloths avail-' 
able to trace and establish the diff ere] ices in the hair pattern 
more thoroughly. In the only fetal specimen of Clioloepus 
(136 mm. length of spine without tail) in the pri^sent ma- 
terial, the hair has not erupted yet on the surface of the 
body (figs. 3, 4, and 5). 

SKIN AND SUBCUTANEOUS TISSUE 

The skin of the sloth is excessively thick and tough. In 
Bradypus the following measurements have been made: 
throat, 3 mm, ; back of neck, 3 mm. ; back, 2.5 mm. ; dorsum 
of head, 2 mm.,- legs, 2 to 2.5 mm.; abdomen, 2 mm.; skin 
over sacrum, li mm. In Choloepus, as follows: skin of 
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throat, 4 mm. ; back of neck, 4 mm. ; back, 3 mm. ; dorsum of 
head, 3 mm. ; legs, 1 to 2 mm. ; abdomen, 14 to 2 mm. ; skin 
over sacrum, 1 mm. The skin of limbs and abdomen is de- 
cidedly thinner in Choloepus than in Bradypus, and the epi- 
dermis, in general, is much less tough to the knife. 

The skin of both forms is closely applied to the underlying 
musculature, so that it has little play and cannot be lifted 
in folds between the fingers. This condition is apparently 
due to the almost complete lack of loose areolar or adipose 
tissue between the skin and musculature. Hence, the dense 
fibrous corium is in close apposition to the aponeuroses of 
the underlying muscles and can be detached only by cutting, 
and not by manual separation, as is readily accomplished, in 
some regions in other mammals. Although the skin is almost 
devoid of the possibility of being moved passively, the skin 
of the trunk must be subject to some active movement by the 
action of the extensive panniculus carnosus. 

The panniculus carnosus of Bradypus has been studied by 
Zeiger (’25), who has found it to consist of broad bands of 
musculature, on the sides of the abdomen, arising from the 
ribs at the lower border of the m. pectoralis quartus and 
ending in the inguinal region and on the thigh. From a con- 
sideration of its location and shape, he ascribed to it an 
important role in reinforcing the abdominal wall and support- 
ing the abdominal viscera in the hanging and climbing posi- 
tions. It would be of interest to study the panniculus of the 
two-toed sloth with the object of comparing the panniculus 
in the two forms and attempting to correlate the findings with 
the differences in posture in the two animals which have been 
described in the present observations. 

In histological sections the dense fibrous, inelastic char- 
acter of the corium is apparent (figs. 22 and 24). Moreover, 
the connective tissue is relatively acellular, excepting along 
the blood vessels, which are surrounded by circumscribed 
sheaths of connective-tissue cells, which in section are seen 
as dense cellular bands traversing the corium (fig. 24). 
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Sweat glands are present in the two-toed sloth over the 
hairy portion of the body. In Bradypns the sweat glands, 
althongh present over the body surface, are extremely small 
and infrequent (fig. 22). In Clioloepns sweat glands are ex- 
tremely large and abundant over the hairless snout (fig. 24), 
but entirely absent in the naked sole pads of the fore and 
hind feet. These pads are lacking in Bradypns. 

VOLUNTARY MUSCULATURE 

The striated muscle of the sloth lias never been studied 
microscopically, but deserves attention because of the re- 
markable physiology of the muscle. In the gross, in a freshly 
flayed cadaver, the muscle is found to be uniformly of the 
red variety, careful dissection revealing no difference in the 
color of any of the striated muscles. They are of a deep 
terra-cotta color regardless of whether the vessels have previ- 
ously been washed out with salt solution or not. This colora- 
tion is in marked contrast to the smooth muscle which pre- 
sents a grayish tinge. The diaphragm and the oesophagus 
down to the cardiac orifice of the stomach partake of the 
dark red color of the striated musculature. The impression 
has been gained that the musculature of Bradypns is slightly 
darker in hue than that of Clioloepns. In several fetuses 
near term the muscles were found to have not yet acquired 
the dark red shade characteristic of the adult. It was im- 
possible to ascertain at what age the muscle liecomes dark, 
because of the lack of sufficient postnatal stages. 

In the freshly killed specimen fibrillation of the muscle has 
never been observed. The idiomuscular contractions, liow- 
ever, are of interest. When one end of the muscle or a single 
fasciculus is stimulated mechanically by drawing a blunt 
instrument over it or pinching it, an extremely slow, vigorous 
contraction of the entire muscle or fasciculus is produced. 
Tetanic contraction is difficult to prevent on removal of the 
fresh musculature from the body. 

Grossly, the muscles, particularly those of the extremities, 
are arranged in rather coarse fasciculi, wdiich are readily 
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separable because of the rather scant and delicate epimysium 
and perimysium. 

Microscopically, in fresh spreads, the muscles show cross- 
striations, exhibiting light and dark bands and Heiile’s and 
Krause’s lines. The muscle has been studied in Bonin’s 
fixed material with Mallory’s connective-tissue stain, as well 
as by the Bielschowsky method. Both methods bring out the 
striations of the muscles excellently (figs. 18 and 21-). 

The muscle fibers appear to be all of the same size and 
character, except for the intrafusal fibers of the muscle 
spindle. A distinction between large and small fibers in the 
muscle cannot be made. 

The nuclei of the adult muscle fibers show nothing unusual, 
unless it is a slightly more granular cytoplasm surrounding 
the nucleus than is ordinarily seen in mammalian muscle. 
The nuclei are extremely flattened and are almost invariably 
peripherally situated beneath the epilemma. In the muscle 
of late fetal stages, on the other hand, the nuclei are oval, 
frequently centrally situated, and invariably surrounded by 
a zone of finely granular cytoplasm. 

The most striking feature of the adult muscle fiber is the 
large size and coarseness of the sarcostyles and their tend- 
ency to separate completely into individual fibers in the fixed 
preparations. Thus, the longitudinal striation of the muscle 
fiber is often quite as conspicuous as the cross-striation. 
Moreover, the presence of the coarse sarcostyles produces a 
characteristic beading of the cross-striations, due to a 
diminution in width of the cross-striations between neigh- 
boring sarcostyles. 

Stained nerve endings in the muscle tissue by the Biel- 
schowski method have revealed nothing unusual. Muscle 
spindles have been frequently observed in both haematoxylin 
and eosin and Mallory preparations. The individual spindle 
in sloth muscle is relatively very large, possessing a thick 
capsule and a relatively large lamellated intracapsular space 
(figs. 16, 17, 19, and 20). The intrafusal fibers are striated. 
Double spindles are not infrequently observed. Still larger, 
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lamellated structures, resembling pacinian corpuscles, occur 
frequently between the muscles and the periosteum in the 
neighborhood of the joints. 

The uniformly red character of the striated musculature 
in the sloth appears to be its most characteristic feature. So 
far as the author is aware, this condition is not known for 
other mammals. Dissections of another member of the 
Xenarthra, freshly killed armadillos, revealed the usual ap- 
pearance of both red and white striated muscles and muscles 
exhibiting both types of coloration. 

VASCULAR SYSTEM 

The vascular system of the sloth is of extraordinary in- 
terest, as the number of anatomical papers dealing with it 
bear witness (Carlisle, 1800, 1804; von Baer, ’35; Hyrtl, 
’53 ; Zuckerkandl, ’95; Hochstetter, ’93, ’98; Muller, ’05, and 
de Burlet, ’22). Its essential features consist of curious 
arterial and venous plexuses in the extremities and of a 
remarkable anatomical disposition of the vena cava which 
necessitates a circuitous return of the blood to the heart from 
the abdominal cavity and the hind limbs. 

An examination of the arterial supply to the fore limbs of 
Bradypus and Choloepus reveals that the artery passes the 
first rib to enter the axillary space, giving off a branch to the 
neck. Ill the middle of the axillary space it gives off further 
branches to the walls of the axillary space. However, from 
the roots of these branches within the axillary space, in a 
distance not over 1 cm., a multitude of slender arteries are 
given off which surround and accompany the main axillary 
and brachial artery in its course down the arm. Thus a 
plexus is formed accompanying the artery as a series of 
arterial vessels which rarely anastomose. A lesser plexus 
is given off from the main plexus to accompany the radial 
nerve. 

At the elbow the central artery continues into the forearm 
as a stout median artery which is accompanied by only a 
few accessory arteries. The large majority of the plexiform 
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arteries take the place of. the interosseous artery between 
the radius and ulna. Toward the distal end of the forearm 
the plexiform arteries disappear or unite gradually until in 
the foot the dorsal arterial arch is formed as only a single 
artery. Similarly, the median artery, which possesses only 
a few secondary arteries, loses these completely in the fore- 
arm and reaches the foot to become a ventral arterial arch 
independent of any accompanjdng vessels. A detailed ac- 
count of the course of the artery to the anterior extremity 
and the course and arrangement of its. branches may be found 
in the papers by Zuckerkandl ( ’95 a, Gholoepns) and Muller 
(’05, Bradypus). 

A similar vascular picture is encountered in the hind limb. 
The aorta breaks into a median sacral artery and the common 
iliac arteries. The iliac in turn branches to form a hypo- 
gastric and an external iliac artery. Both of these latter 
become surrounded by arterial plexuses which accompany 
them in their further courses to the musculature of pelvis 
and extremity. The sacral artery also acquires an arterial 
plexus. A description of the minuter distribution of these 
plexuses may be found in the papers by Hyrtl ( ’53, Bradypus 
torquatus) and Zuckerkandl (’95 b, Choloepus). 

These plexuses to the extremities are accompanied by cor- 
responding venous plexuses which return the blood from the 
limbs, as was first discovered by Mayer (’39). 

In the present study these plexuses have been investigated 
microscopically for the first time. In the arm, a cross-section 
in the region of the upper third of the brachial artery reveals 
the brachial artery surrounded by a plexus of arteries and 
veins (fig. 10). The artery is near the periphery of the 
plexus and exhibits the vascular tunics characteristic of so- 
called medium-sized arteries, possessing a well-defined media 
composed of smooth muscle separated from the adventitial 
coat by a sharply outlined elastica externa and from the 
intima by a narrow elastica interna. Associated with the 
artery is a bundle of smaller arteries and a set of veins. A 
count made in one instance of the number of vessels in the 
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vascular bundle reveals, besides the main artery, forty-three 
smaller arteries and twenty-five veins. These vessels are 
uniformly interspersed, together with the main artery, in a 
connective-tissue sheath that unites and incloses the vessels 
of the bundle. This stroma is composed of dense white con- 
nective tissue, with a sharp margin on the circumference of 
the bundle, contiguous with the surrounding looser connec- 
tive tissue of the arm. 

The smaller arteries are of nearly uniform size and shape, 
some six to eight of them being the equivalent in circum- 
ference and capacity of the brachial artery itself. The small 
arteries, too, possess the character of medium-sized arteries, 
exhibiting a muscular media bounded by an elastica interna 
and externa. The sections reveal, as was already known from 
dissection, that the arteries scarcely ever anastomose, simply 
running parallel to the primary artery for a variable distance 
until they become deflected to supply muscles of the arm. 

The veins, on the other hand, which are regularly inter- 
spersed among the arteries, are fewer in number, four to 
six times the capacity of the arteries, and anastomose fre- 
quently, producing a true venous plexus. There is no main 
venous trunk corresponding to and accompanying the brachial 
artery, the veins being all of about the same caliber. 

In addition to the arteries and veins, the vascular bundle 
conveys large lymphatic trunks about equal in number to 
the veins. These also are interspersed fairly uniformly 
among the arterial and venous trunks. 

The microscopic relationships recorded here liold true for 
the plexuses of the lower extremity and pelvis as well. There 
appears to be nothing unusual in the ultimate ]:)eripheral 
capillary distribution of the vessels to the musculature of the 
extremities. 

The significance of these plexuses in the extremities of 
the sloth is a moot question. Carlisle (1800, 1804), who 
first described them, expressed the belief that they were 
causally related in some way to the slow movements executed 
by the sloth. The question became complicated, however, by 
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the fact that it was soon discovered hy comparative anato- 
mists (voii Baer, ’35; Mayer, ’39; Hyrtl, ’51; Znckerkandl, 
’95; and Miiller, ’05) that the related forms, Basypns and 
Myrmecophaga, as well as mammals in no wise closely related 
to the edentates, possess vascular plexuses in the extremities. 
Thus, similar, although hy no means identical, vascular ar- 
rangements have been described in certain marsupials, ceta- 
ceans, pinniped carnivores, rodents, and lemurs. Yrolik 
(1826) sought to establish the thesis that arterial bundles are 
characteristic of climbing animals, serving the purpose of 
preventing any interference with the circulation by pressure 
from the greatly contracted muscles. Von Baer (’35) dis- 
misses the ideas of Carlisle and Vrolik as improbable and 
points out that the arterial networks such as lie described in 
Phocaena communis resemble the embryonic pattern which 
appears to have persisted to a large extent in the adult 
organism. 

In discussing the possible function of plexiform arterial 
structures, Hyrtl (’54) distinguishes two anatomical pat- 
terns, a diffuse radiate pattern, characteristic of monotremes, 
which he examined, and a massive network type which sur- 
rounds a main artery as in the Bradypodidae. The former, 
he iinds, occurs in those animals which do heavy muscular 
work, but of the nature of oft-repeated quick movements, 
such as burrowing animals, for example, the armadillo. 
Whereas the latter type of vascular arrangement occurs in 
mammals, such as the sloth, in which the movements are 
slow and posture prolonged. The advantage of this arrange- 
ment in these latter animals, he believes, would be to prevent 
the contracted muscles from interfering with the circulation. 
Correlated with his discussion of the types of blood vessels 
in reference to muscular activity, he points out that, in the 
sloth and armadillo, only those arteries exhibit plexiform 
patterns which are associated with and destined to be dis- 
tributed to the musculature, whereas the arteries which sup- 
ply the viscera or the bones, periosteum, skin, and subcutane- 
ous tissue of the limbs are invariably single twigs. 
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Miiller (’04), in exercising a critique on this subject, 
rejects all of the explanations offered, based on the doctrine 
of adaptation to purpose. He believes it is conceivable that 
more archaic forms of animals possessed more extensive 
arterial paths than present living ones. lie points out the 
similarity between the embryonic vascular pattern and the 
pattern of the vascular plexuses found in the adult, but 
emphasizes the lack of complete homology. Moreover, 
although the network may represent the oldest phylogenetic 
form, this does not explain its persistence in certain animals 
(Didelphys, Halmaturus, Hydrochoerus, Phocaena, Edentata, 
Stenops tardigradus, and Pinnipedia) and not in others. 
Muller concludes that purely mechanical conditions during 
ontogeny are the primary cause of the formation of such 
networks. 

In reference to their etiology, Muller decides that a distinc- 
tion must be drawn between the simple network and the 
bundle pattern. The former represent a persistence of the 
embryonic condition. The bundle form, such as is en- 
countered in the Bradypodidae, he regards as organs which 
have developed in a specialized direction. The causative fac- 
tors in the specialization, however, remain obscure. 

As to the function of arterial networks, Muller says that 
.animals with well-developed arterial bundles in the extremi- 
ties, such as Bradypus, are extremely slow in their move- 
ments. Further, he quotes Braune to the effect that muscular 
activity has been demonstrated to play a consideral)le role 
in aspirating the venous blood from the extremities. In 
Bradypus, which he claims passes much of its existence as 
though dead, the aforementioned influence on the veins has 
been lost, hence one must look for other means to explain the 
venous flow. This he believes to have found in the vascular 
bundle, in which he postulates an aspiration of the blood in 
the veins due to the pulse in the adjoining arteries. He finds 
a simile in the comparison to a sponge which is periodically 
pressed out. This whole explanation seems extremely weak. 
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The writer has not only investigated the arterial plexuses 
in the sloths, but has observed the vessels of the extremities 
in the entire group of Xenarthra. The fact that Tamandna 
and Cyclopes were drawn into the comparison, besides 
Dasypns and Myrmecophaga, the vascular patterns of which 
were previously known, has led in the present investigation 
to a grouping of the Xenarthra on the basis of the vascular 
pattern. Moreover, this grouping can be correlated with a 
parallel grouping of the Xenarthra, based on the observed 
postures, movements, and muscular activity of the animals. 
This correlation will afford, perhaps, eventually a key to the 
solution of the function of the vascular plexuses in mammals. 
Furthermore, the grouping, on the basis of a study of the 
blood vessels, appears to be in harmony with the relation- 
ships of the Xenarthra arrived at from the study of other 
anatomical characters. 

As has been described, the sloths possess highly differ- 
entiated vascular bundles in the extremities which form con- 
spicuous cords of plexiform arteries and veins principally in 
the upper arms and thighs. In the armadillos, on, the other 
hand, the vascular plexuses are very much simpler in char- 
acter, consisting at the most of loose, wide-meshed vascular 
anastomoses in the vessels, particularly of the forearm and 
leg. In Myrmecophaga the vascular anastomoses in the ex- 
tremities are scarcely more developed than in the Dasypodi- 
dae. In Tamandua and Cyclopes, however, the vascular pat- 
terns become increasingly more complex, constituting a 
transition from the condition present in Dasypns and Myrme- 
cophaga to the highly specialized structure characteristic of 
the Bradypodidae. In Tamandua the vascular anastomoses 
are increasingly more numerous than in Myrmecophaga, 
especially so in the upper arm and thigh, while a Cyclopes 
dissection reveals vascular bundles in the extremities, equally 
complex to those of the Bradypodidae. 

Concerning the postures, movements, and muscular activi- 
ties, the author has had occasion to observe all of these ani- 
mals in the living state. It is obvious at once that in posture 
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and locomotion Cyclopes resembles tlie sloths very closely 
and is nearer to them than any other of the group. Tamandua, 
which is also arboreal, exhibits in its native state much of the 
deliberate slow quality of movements characteristic of sloths 
as well as the ability to climb along the undersides of limbs 
of trees. Myrmecophaga, on the other hand, is terrestrial and 
shows in walking and movements none of the characters of 
the Bradypodidae. The armadillos, finally, are also ground- 
living, very active in running and burrowing, and show no 
trace of any relationship to the sloths in postures or move- 
ments. 

There appears, then, to be a correlation between the vascu- 
lar structures in the extremities of the Xenarthra and their 
muscular activities and postures, the three forms, Bradypus, 
Choloepus, and Cyclopes, which exhibit a high degree of 
ability to maintain postural tone and to execute slow move- 
ments, being possessed of a highly specialized arrangement 
of the vessels to the extremities. The active terrestrial 
forms, Dasypus and Myrmecophaga, on the other hand, pos- 
sess simple vascular networks of an entirely different char- 
acter, while Tamandua occupies an intermediate position as 
regards activity and vascular arrangement. 

It is of interest in this connection that the musculature of 
the Bradypodidae has been found in the present investigation 
to be exclusively of the red kind — a unique condition among 
mammals. In Dasypus, on the other hand, the muscle is 
found to be red and white, either in the same or separate 
muscles — the usual coildition in mammals. It will be of 
interest when fresh material of the anteaters becomes avail- 
able to see whether the members of the genus show inter- 
mediary positions in reference to the relative amounts of 
the red and white varieties of muscle. 

What the particular function is of the vascular bundles, 
seen characteristically in Bradypus, Choloepus, and Cyclopes, . 
we cannot say until physiological studies acquaint us more 
with the functional needs of the musculature in these animals. 
The vascular bundles possess the character, grossly and 
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microscopically, of tough, relatively incompressible tubes or 
pencils of dense connective tissue containing the blood ves- 
sels. In view of what has been said of the movements of 
these animals, it may well be possible that the arterial bundles 
insure a steady flow of arterial blood to the extremities which 
might otherwise be interfered with by the pressure exerted 
by the slow and protracted contractions of the muscle if only 
a single artery were present. It may be recalled that the 
vascular bundles occur only in the deeper portions of the 
extremities between the muscle masses, and not in the skin 
or distal portions of the legs, nor do the plexuses involve 
the individual muscles themselves in any unusual way. 

It has been pointed out frequently in the literature that 
arterial plexuses reduce the rate of flow to the extremities. 
However, this would be of no consequence physiologically, 
if the volume reaching the limb were at the same time in- 
creased. Whether the volume of blood delivered to the limb 
through the arterial plexus is relatively greater than in an 
animal of comparable size possessing a single artery has 
never been determined. 

The other interesting phase of the anatomy of the vascular 
system of sloths concerns the posterior vena cava. Hoch- 
stetter (’93, ’98) found that it is the rule for edentates to 
possess a double vena cava. However, in Choloepus he ob- 
served, besides the duplicity of the vena cava, certain inter- 
esting peculiarities in its branches that have not been de- 
scribed in any other animal except the sloth. Each of the 
two posterior caval veins arises from a venous plexus which 
accompanies each iliac artery. It is surprising, however, 
that these plexuses are much greater in caliber than the 
trunks of the posterior venae cavae to which they give rise. 
This is explained by the fact that each of the iliac plexuses 
gives off two branches, nearly as large as the caval trunks, 
which enter the vertebral canal via the first two ventral 
sacral openings and deflect a good part of the blood into that 
channel (fig. 6). 
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Tlie venae cavae course on either side of the aorta to the 
region where the renal arteries are given off from the latter ; 
at this point the two veins unite to form a single trunk to 
the right of the aorta. In spite of the fact that in its course 
the vena cava has received renal, spermatic, and adrenal 
tributaries, it dwindles to almost nothing in its upper course 
before it reaches the liver. Only within the liver does it 
again become augmented in caliber. 

It is clear from the foregoing findings that only a part of 
the blood is returned to the heart from the hind part of the 
body through the vena cava. The explanation of this is that 
the posterior caval veins connect with the intravertebral veins 
by rather large vessels which enter the intervertebral for- 
amina. Thus, the anastomosing chain of intravertebral veins 
uniting the circellus venosi on the right side has been con- 
verted in Oholoepus into a tremendous venous trunk. This 
trunk extends uninterrupted to the level of the tenth and 
ninth thoracic foramina through which it leaves to connect 
with the proximal portion of the vena azygos whereby the 
blood is conducted to the heart. The vena azygos, except for 
its proximal end, as well as the vena hemiazygos, could not 
be found. 

Hoehstetter has also examined Bradypus and has found 
essentially the same condition of the vena cava as in Choloe- 
pus, namely, a double posterior vena cava and the presence 
of branches entering the vertebral canal which give rise to 
an intravertebral trunk which passes cephalad to connect 
eventually with the anterior vena cava priiicipaJly through 
the sixth and seventh thoracic intervertebral foramina on 
the right side. The vena azygos, except for its proximal end, 
and the vena hemiazygos are absent. 

The two posterior venae cavae differ from those described 
in Choloepus in that they are connected caudally by plexi- 
form anastomoses. Moreover, contrary to the finding in 
Choloepus, the vena cava, after the union of the two separate 
trunlcs at the level of the renal arteries, does not diminish 
perceptibly in caliber. Hence the anastomotic pathway via 



GROSS AND MICROSCOPIC ANATOMY OP SLOTHS 


337 


the, vertebral veins appears to be less pronounced in this 
species. 

Hochstetter attempts to explain the curious condition of the 
vena cava and its anastomoses in sloths on the basis of the 
influence of posture and gravity on the return of the blood 
to the heart. He postulates that, in the hanging position, 
gravity favors the return through the vertebral pathway, 
whereas it diminishes the mechanical usefulness of the caval 
and azygos channels. He attempts, moreover, to explain the 
discrepancy in the observed size of the vena cava in Choloe- 
pus and Bradypus on the basis of differences in posture in 
the two forms, based on measurements of their extremities. 
He observes that the hind legs in Bradypus are markedly 
shorter compared to the front legs than in Choloepus. Hence 
he thinks that, in the hanging position, the pelvis of Choloe- 
pus would be nearer the horizontal than in Bradypus ; there- 
fore, in Choloepus, in the absence of gravity as an aid to 
propelling the column of blood through the vena cava, the 
rate of flow would be diminished and the blood would have to 
seek other channels for reaching the heart. An added factor, 
he believes, is possibly the greater relative length of the 
abdominal segment of the vena cava in Choloepus than in 
Bradypus. 

Hochstetter ’s interpretation, although ingenious, does not 
take cognizance of the actual postures as observed in living 
sloths and described in the first part of this paper. More- 
over, a recent study by de Burlet (’22) on the veins of 
sloths makes Hochstetter ’s view even more improbable. 

De Burlet had the opportunity to study the venous system 
in a fetus of Choloepus in which he was able not only to 
verify, but to extend Hochstetter ’s observations upon the 
relationship of the vena cava to the intravertebral veins. He 
found that, in addition to the lumbar and intercostal veins, 
the vena cava anastomoses with the intravertebral veins via 
two larger veins (venae basi vertebralis) which perforate the 
bodies of the lumbar and thoracic vertebrae. Furthermore, 
by sectioning the fetus, he demonstrated the tremendous 
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longitudinal intravertebral vein vdiich conducts the blood 
toward the heart. It is fully of the same magnitude as the 
spinal cord itself and situated on the right side. As a result 
of this, the spinal cord and its membranes are displaced to 
the left side of the vertebral canal. The segmental spinal 
nerves pass into the intervertebral foramen dorsally to the 
vein. The blood leaves the spinal vein through the eighth 
to twelfth intervertebral foramina, uniting as the azygos vein 
to drain into the superior vena cava. In a fetus of Bradypus 
de Burlet found essentially the same venous arrangement in 
the vertebrae and spinal canal as in Choloepus. 

The lumbar and thoracic vertebral bones of adult Brady- 
podidae show the osseous foramina through which the en- 
larged perforating veins passed. Other Xenarthra do not 
possess comparable openings in the vertebrae. However, 
examination of the vertebrae of fossil sloths (Scelidotherium, 
Mylodon, Grrypotherium) reveals indubitable evidence of the 
existence of large perforating veins and of a copious intra- 
vertebral circulation which emerged through several enlarged 
thoracic intervertebral foramina. 

These observations show that the venous pathway through 
the vertebral canal occurred in the ground-living ancestors 
of the present-day sloths. Hence, as de Burlet points out, 
the condition cannot be explained on a mechanical principle 
considering the postures of the present-day sloths alone. 

LYMPHATIC SYSTEM 

Concerning the lymphatic system of tlie sloths, notliing is 
given in the literature. The author had the opportunity to 
investigate the lymph channels by injection in fresh cadavers 
of Bradypus. In the fresh, abundant lymphatic plexuses can 
be tilled by stab injections of India ink into many of the 
viscera. Thus, injections into the serous coat of the intestine 
till large lymph channels in the mesentery, abundantly sup- 
plied with valves. These drain into lymph nodes which occur 
in great abundance the whole length of the mesentery. Char- 
acteristic of these nodes is that they are small, brownish, and 
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discrete, being on an average no more than 4 mm. in length. 
They are markedly different from the large mesenteric nodes 
seen in Carnivora and Ungnlata. Lymphatics can also be 
injected with ease by stab injections into the testis or kidney. 
From the latter organ, lymph plexuses fill unusually well to 
constitute two sets, one an abundant retroperitoneal set, the 
other an anastomosing network which follows the ureter from 
the renal pelvis to the bladder. The latter observation is of 
interest in that in this animal, contrary to the belief concern- 
ing other mammals, the- lymphatics accompanying the ureter 
are oriented from kidney to bladder. The other interesting 
aspect of these observations is that lymphatics can be in- 
jected so readily from the kidney — a feat difficult to accom- 
plish in the ordinary laboratory mammals, because the injec- 
tion invariably enters veins instead of filling lymphatics. 

If the abdominal lymphatics of Bradypus are filled in one 
of the aforementioned ways or by injection into an inguinal 
or retroperitoneal node, and the course of the injection fol- 
lowed, it is discovered that the lymph trunlcs communicate 
freely through a number of openings directly with the abdomi- 
nal veins, most frequently with the vena cava, but also with 
the portal vein. Moreover, careful dissections of these prepa- 
rations reveal that Bradypus possesses no thoracic ducts in 
communication with the abdominal lymphatics and that all 
of the lymph from the lower extremities and from the abdomi- 
nal viscera enters the veins of the abdomen. Some of the 
lymph enters the liver directly via communications of lym- 
phatic trunks with the portal vein, and one of the features of 
an injection of the abdominal lymphatics in the sloth is the 
immediate appearance of ink in the periphery of the hepatic 
lobules in the neighborhood of the entrance of the portal vein. 
The condition is very similar to the one described by Job 
(’15) in the rat and by Silvester (’12) in certain South 
American monkeys in which the lymph from the hind portion 
of the body enters the venous system by portal or postcaval 
openings. However, in Bradypus there appear to be fewer 
openings into the renal veins than in the Simiae described 
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by Silvester. These lymphatics, draining permanently into 
the abdominal veins, suggest a multiple origin of lymphatics 
from the abdominal veins. It is known from the embryology 
of the lymphatics (Sabin, ’13, ’16) that the abdominal lym- 
phatics commence as a retroperitoneal sac in communication 
with the abdominal veins. Although it is not definitely 
known, it is thought that as the thoracic duct becomes es- 
tablished these retroperitoneal communications of the lym- 
phatics with the vena cava and its tributaries become lost in 
most mammals. The persistence of permanent communica- 
tions in some mammals, such as the sloth, indicates a per- 
sistence probably of an embryonic condition. 

The lymphatics of the extremities have been injected in 
several sloth fetuses. In two such specimens (leng'th of 
fetuses, 10 and 11 cm.) two lymphatic plexuses have been 
recognized; one, a superficial plexus injected from the sub- 
cutaneous tissue of the foot which drains into trunks which 
course beneath the skin to empty into lymph nodes in the 
axilla; the other, a deep plexus accompanying the arterio- 
venous bundles of the extremity and draining into deeper 
nodes of the axilla and neck. 

The lymph nodes of the adult sloth are variable in char- 
acter. In general, they are small, though numerous. As 
has been pointed out, the mesenteric nodes are never over 
4 mm. in length, discrete, and abundant. The remaining ab- 
dominal nodes and the thoracic nodes are also small. The 
largest nodes have been encountered in the axilla and groin, 
several measuring up to 1 cm. in length. No so-called hemal 
nodes nor hemolymph glands have been encountered. 

THE ABDOMINAL VISCEEA 
The peritoneal cavity 

The peritoneal cavity of the freshly killed Bradypus con- 
tains a few cubic centimeters of clear fluid. In both Bradypus 
and Choloepus much of the cavity is taken up by the enormous 
stomach. The bladder is usually markedly distended with 
urine. The omentum is small and contains very little fat. 
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The paucity of adipose tissue in both Bradypus and Choloe- 
pus is striking. It has been pointed out already that there 
is scarcely any subcutaneous fat excepting in the axilla and 
groin. Fat is also scarce in the body cavities. The omentum 
contains very little and there is practically none in the mesen- 
tery, the mesenteric vessels and lymphatics being unaccom- 
panied by sheaths of adipose tissue as is the rule in other 
mammals. The only marked deposit of adipose tissue occurs 
about the retroperitoneal organs, the aorta, kidneys, and 
urogenital passages. The body fat of Choloepus exhibits a 
curious orange or buff color, whereas that of Bradypus is 
a cream color. 


Gastro-intestinal tract 

The stomachs of Bradypus and Choloepus are complex. 
They have been studied by Klinkowstrom (’95) and Oppel 
( ’96) to whom reference is made for information concerning 
them. Klinkowstrom has compared the two forms. 

The only observations made on the stomach in this study 
concern its size and weight. In sloths in their normal habitat 
the stomach contains a tremendous quantity of food in the 
form of cecropia leaves which have been masticated to a 
pulp. The stomach contents weighed 662 grams in a three- 
toed sloth of 4316 grams total body weight — a ratio of 1 to 
6.4 ; in another instance, 493 grams to 3121 grams total body 
weight — a ratio of 1 to 6.3. In a specimen of Choloepus the 
stomach contents weighed 570 grams out of a total body 
weight of 4134 grams — a ratio of 1 to 7.2. Furthermore, it 
has been noted that the red muscle of the oesophagus extends 
to the cardiac orifice of the stomach. 

No observations have been made on the small intestine, ex- 
cept to note that in Bradypus griseus the duodenum invari- 
ably contains a quantity of nematode worms. These have 
never been found in Choloepus in the present series.^ 

^ These parasites have been identified by Dr. G, Steiner as Leiuris decodontus 
n.sp. The species is related to two other forms, already described, from 
tridaetyl and didactyl sloths. 
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In seeking for an explanation for this condition he postu- 
lates that the hanging posture of the sloth may have been 
conducive to producing it. However, tins seems rather un- 
likely in view of the fact that the anatomical peculiarities of 
the liver are common to both Bradypus and Gholoepus, 
whereas, as has been described under the external characters 
of the sloth, the postures of the two animals are so different 
that it can scarcely be assumed that they could give rise to 
identical morphological changes in both animals. It seems 
more likely that the condition of the liver is either inherited 
from fossil ancestors or is the result of other factors in 
Bradypus and Gholoepus themselves. If inherited, it is im- 
probable that the force of gravity in the hanging position 
played an etiological role, for, so far as can be postulated 
from the study of fossil forms, the posture of those animals 
was not a hanging one. It is presumed to have been one in 
which the lower extremities were used primarily for squat- 
ting or standing, whereas the upper extremities were used for 
grasping the branches and foliage of low trees to bring them 
within reach of the mouth. It is obvious that the hypothetical 
posture of the ground sloths resembled that of Bradypus 
more than that of Choloepus. 

It may be suggested that a factor within Bradypus and 
Gholoepus themselves bears investigation in this connection. 
The stomach adapted to a herbivorous diet is extremely large 
and, as cle Burlet points out, influences the shai)e of certain 
lobes of the liver. It would not be unpromising to continue 
on the assumption that the stomach has not only modified 
the form, but has also produced the curious rotation of the 
liver in the Bradypodidae. This assumption seems also 
promising in view of the fact that the stomach is specialized 
in an identical manner in all of the Bradypodidae, whereas 
in the nearly related families of Myrmecophagidae and Dasy- 
podidae, in which the specialization has not occurred, the 
modifications of the liver are also lacking. 
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The gall bladder 

The absence of the gall bladder in Bradypns, its presence 
in Choloepus, was first mentioned by Cuvier, and has since 
then been amply affirmed. 

The gall bladder has been examined in six specimens of 
Choloepus in the present series. The most striking thing 
about it in the gross is its small size and simple, straight neck 
(fig. 13). It is located on the intestinal facies of the liver 
in the central lobe. About two-thirds of it is buried in the 
parenchyma of the liver. In five of the six specimens the 
bladder is confined entirely to the intestinal face of the liver ; 
in the sixth specimen, in which the bladder is larger than in 
the others, its free pole reaches the edge of the liver and is 
just visible on the diaphragmatic surface. The outside dimen- 
sions of the five smaller vesicles are approximately 15 mm. 
length and 9- mm. diameter. In the fresh approximately 1 cc. 
of dark green bile can be removed from the bladder. On 
cutting it open, it is found to be relatively thin-walled, the 
mucosa thrown everywhere into delicate elevations. In one 
instance there is a delicate, free thread of tissue which 
bridges the fundic pole from wall to wall. In another speci- 
men there is a tiny tubular prolongation of the lumen of the 
fundic pole which extends toward the edge of the liver for 
3 mm. to end in a fibrous thread which extends some 3 mm. 
farther. The simple, funnel-shaped orifice of the gall bladder 
is protected by two semilunar folds. A dissection of a 
further specimen reveals that the cystic duct is 2 cm. long. 
It joins the common duct just after the latter has formed by 
the union of three hepatic ducts. 

Microscopically, the gall bladder exhibits rather feebly de- 
veloped coats ; the musculature especially is extremely scant 
in amount (fig. 23). As Halpert and the writer (’27) have 
pointed out, the muscle is unevenly developed, being more 
plentiful on the peritoneal surface than on the embedded 
surface. 

Examination of the gall bladder in the other members of 
the Xenarthra reveals that Dasypus possesses an extremely 
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large, complex L-sliaped gall bladder, whereas Tamandua and 
Cyclopes exhibit gall bladders resembling in shape that of 
Choloepus, being vesicular bladders tapering by a short, 
straight, funnel-shaped neck into a straight cystic duct. The 
gall bladder of Tamandua, although similar in pattern to 
that of Choloepus, is markedly larger and better developed, 
possessing a capacity about four times that of Choloepus. 
The gall bladder of Cyclopes is similar to that of Choloepus, 
but diminutive. However, in comparison to the relative sizes 
of the two animals, it is undoubtedly better developed than 
in Choloepus. From a consideration of the relative size and 
complexity of the gall bladder in the respective groups, it 
seems not unlikely that the gall bladder represents in Choloe- 
pus a degenerative or transition form from mammals pos- 
sessing a well-developed gall bladder, such as Dasypus, 
through others, such as Tamandua and Cyclopes, in which it 
is relatively simple, to an animal such as Bradypus, in which 
it no longer appears. 


The spleen 


Bradypus 

Absolute weight of 
spleen, grams 

Grams spleen per kilo of 
total body weight 

Grams spleen pe'. 
corrected body 

1 

5.1 (adult) 

1.09 

1.32 

2 

4.5 (adult) 

1.03 

1.29 

3 

3,5 (adult) 

0.81 

1.00 

4 

Choloepus 

3 (juvenile) 

0.97 

1.22 

1 

7.4 (young adult) 

1.8 

2.1 


No observations of any significance have been made uj)on 
the spleens in this study. In the gross the si)leens of Brady- 
pus and Choloepus differ markedly in shai)e (figs. 8 and 14) ; 
that of Bradypus is always irregularly tubular, consisting 
usually of one mass, although semidetached or accessory 
splenic nodules have frequently been observed in the omentum 
and neighboring pancreas. The spleen of Choloepus, on the 
other hand, is roughly triangular and markedly flattened. 
At the hilum it is intimately fused with the adjoining pan- 
creas. In Dasypus and Tamandua the spleen is similar in 
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configuration to that of Clioloepus, In Cyclopes, on the other 
hand, it is slender and tubular. 


The pancreas 


Bradypus 

Ahaolute weight of 
pancreas, grams 

Crams pancreas 
per kilo body 
weight 

Crams pancreas 
per kilo of 
corrected body 
weight 

Ratio of pancreas 
to corrected 
body weight 

1 

6.3 (adult) 

1.46 

1.81 

1 to 552 

2 

4.7 (adult) 

1.09 

1.33 

1 to 750 

3 

5.45 (juvenile) 

1.72 

2.25 

1 to 445 

Choloepus 





1 

5.3 (young adult) 

1.28 

1.53 

1 to 651 


No gross or microscopic studies of especial note have been 
made on the pancreas. Compared to the other abdominal 
viscera, the pancreas is large. In both Bradypus and Cho- 
loepus it is fleshy, compact, and yellowish orange in color. 
Islets of Langerhans are typically present in the micro- 
scopic sections. 


Bradypus 

Absolute weight of 
both adrenals, grams 

The adrenals 

Crams adrenal per kilo 
total body weight 

Crams adrenal per kilo of 
corrected body weight 

1 

0.65 (adult) 

0.139 

0.169 

2 

0.55 (adult) 

0.109 

0,128 

3 

0.6 (adult) 

0.140 

0.170 

4 

Choloepus 

0.4 (juvenile) 

0.128 

0.163 

1 

0.7 (young adult) 0.170 

0.205 


The adrenals in the adult are small by comparison with 
other mammals of comparable size. In both Bradypus and 
Choloepus they are situated high up in the abdomen to either 
side of the aorta. . They are not associated with the kidneys, 
the latter organs occupying a pelvic position. 

In fetuses of the sloth the adrenals are surprisingly large 
and composed mainly of cortical tissue. In a fetus of 
Choloepus (length, 136 mm., spine without tail) the adrenals 
are 18 mm. long, nearly cylindrical in shape, and 6 mm. in 
diameter. They have at this stage attained already their 
full adult size. They surpass in volume by four or five times 

.tourna'l op morphology and physiology, vol. 46, no. 2 



348 


GEORGE B. WISLOOKI 


tlie fetal kidneys which are situated caudally to them. They 
extend from the lower border of the liver to the brim of the 
pelvis. In the fetus the lower poles of the adrenals almost 
tonch the upper poles of the kidneys, but in the adult the 
adrenals come to lie high up in tlie abdomen near the eoeliac 
axis, while the kidneys, retaining a pelvic position, become 
widely separated from them. 

On gross section of the adrenal of Bradypus, the cortex is 
recognizable as a grayish zone inclosing a whitish medulla 
(fig. 7)., In Choloepus, however, the cortex in the fresh 
exhibits a curious bright yellowish-orange color and pos- 
sesses a hyaline-like transparency and consistency. 

Frozen sections of the adrenals of Bradypus and Choloe- 
pus, stained with sudan III, show an ample amount of fat 
ill the cortex, present in greatest quantity in a clearly defined 
zona glomerulosa. 

Sections fixed in chromate solutions give a cliaracteristic 
chromaffin reaction in the cells of the medulla. Macroscopic 
chromaffin bodies, so-called paraganglia, have not been ob- 
served on dissection of the retroperitoneal tissue after 
chromate fixation. 


The Iddneys^ 


Bradypus 

Absolute weight of 
both kidneys, grams 

Grains kidney per kilo 
total body loeight 

1 

n (adult) 

3.63 

2 

19.6 (adult) 

3.93 

3 

16.9 (adult) 

3.92 

4 

10.05 (juvenile) 

3.13 

Choloepus 

1 

23 (young adult) 

.5.59 


Grnmii kidni'ji per kUo of 
vorrerted hody weiyht 

4.38 

4.80 

4.81 
4.10 


(i.OO 


'‘These observations can lie compared witli 'figures on knln(>y body-weight 
ratio.? given for other mammalian orders. The literature on tliis sul),joct has 
been examined by Pox (’23), who gives tables on the normal ratios tak(ni from 
his own observations, as well as those of others. Pox’s tabnlations for tin? 
kidneys are as follows: , 

Table tthawiny weight of normal kidneys in relation to body weight. Number of speeirnens 
u.'ied to determine weight quoted in parenthesis 


Primates (5), 

Grams per kilo 
of body weight 

7.7 

Ungiilata (9), 

Grains per kilo 
of body weight 
3.5 

Carnivora ( 6 ) , 

7.6 

Edentata (1), 

5.6 

Bodentia (2), 

1.5 

Marsupialia (7), 

7.6 

Hyracoidea (1), 

7.5 

Monotremnta (i), 

11. 2 
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The kidneys are situated low down in the abdominal 
cavity — a position which, taking into consideration their 
vascular supply, suggests to Hochstetter (’98) that they have 
undergone a descensus secondarily from a higher level. 
Hochstetter points out that the renal arteries arise from the 
aorta far anterior to the kidneys, taking a course almost 
parallel to the aorta for a long distance before reaching 
the kidneys. Similarly, the renal veins drain into the 
venae cavae some distance cranial to the upper poles of the 
kidneys. 

In two fetuses in the present series (Bradypus, length, 
49 mm.; Choloepus, 136 mm.) it has been ascertained that the 
kidneys are already pelvic in position. Moreover, the renal 
arteries at this period are given off from the aorta at the 
level of the upper pole of the kidneys, and not as in the adult 
far anteriorly to the kidneys.' In view of this fact and that, 
as previously described, the adrenals are at first in contact 
with the kidneys, but subsequently in the adult come to lie 
far anterior to them, another explanation of the pelvic posi- 
tion and the blood supply of the kidneys suggests itself. It 
appears not unlikely that the pelvic position of the kidneys is 
a primary one, and not due to a descensus of the organs, and 
that the subsequent relationships of the long-drawn-out renal 
vessels to the kidneys is the result of a developmental shifting 
of the aorta and its tributary branches associated with the 
growth of the trunk. In this case the pelvis and the con- 
tained kidneys remain relatively fixed points, whereas the 
adrenals, as well as the aorta and its branches, undergo a 
shifting in their relative positions. 

The female reproductive tract 

The uterus of Bradypus and Choloepus, as well as of the 
other Xenarthra, is a simple, pear-shaped organ containing 
a single cavity. The fallopian tubes are coiled to either side 
of the uterus and open by slit -like orifices surrounded by a 
fringe of fimbria. The ovaries are concealed from view by 
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an ovarial pouch formed by a fold of mesosalpinx and the 
fimbriated end of the fallopian tube. The abdominal osteum 
of the tube and the orifice of the ovarial pouch are situated 
upon the dorsolateral wall of the uterus. When the ovarial 
pouch is opened, the ovary is disclosed. In both Bradypus 
and Choloepus, the ovary is a bilobed structure with a deeply 
cleft hilum (fig. 15). Contrary to the statement of Klinkow- 
strom (’95), the present observer has not found the ovaries 
inclosed in an ovarial pouch in the anteaters (Cyclopes, 
Tamandua). In the armadillo (Dasypus), on the other hand, 
the ovaries are inclosed as in the Bradypodidae. In contrast 
with those of the Bradypodidae, the ovaries of the anteaters 
and of the armadillo are fusiform. 

The uterus of the sloths is a slender, pear-shaped organ 
flattened anteroposteriorly. It has been stated by some 
writers that the uterus of the sloth passes imperceptibly into 
the vagina, a cervical segment being absent. In the present 
material there seems no doubt that there is a specially dif- 
ferentiated segment between the uterus and vagina. The 
mucosa of the uterine cavity is smooth, but, as the slit-like 
cavity tapers toward the uterine orifice, its lumen becomes 
circular and the mucosa becomes thrown into a series of ser- 
rated folds in a zone 10 to 15 mm. in length which separates 
the uterine cavity from the vaginal cavity. The mucosa of 
the vagina, on the other hand, is characterized by the pres- 
ence of ten to fifteen longitudinal folds. In keeping with 
statements in the literature, no such cervical segment lias 
been found on dissection of the uterus of a specimen of 
Tamandua. 

The vagina measures 15 to 30 mm. in lengtli. It is stated 
in the literature of quite early date (von Baer, 1823 ; 
Forbes, ’82; Klinkowstrom, ’95, and many others) that the 
vagina of the Myrmecophagidae and Bradypodidae is peculiar 
in the possession of two narrow vaginal outlets instead 
of one. The writer’s series of non-gravid uteri of sloths, 
although small, confirms this view and adds the additional 
fact that, besides being double, the vaginal orifices are com- 
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pletely closed during some periods by a vaginal closure 
membrane. 

On dissecting the vagina of the sloth, it is discovered that 
only the lower third is double, a wedge or septum of tissue 
projecting from below into the vaginal cavity producing two 
funnel-shaped vaginal canals. The writer had some difficulty 
in ascertaining by dissection of fixed material collected in 
1925 whether these canals are patent or not, the belief ex- 
pressed (Wislocki, ’27) being that in several specimens they 
did not communicate with the urogenital space. During the 
summer of 1927 an opportunity arose to test this upon fresh 
specimens. The method adopted was to inject India ink into 
the uterus, thereby filling the uterus and vagina, and to watch 
for its escape into the urogenital canal. By this means it 
was ascertained that the vagina at some periods lacks all 
communication with the exterior. Unfortunately, the number 
of non-pregnant sloths was so small this year that the rela- 
tionship of the closure of the vagina to the reproductive cycle 
could not be ascertained. The results were as follows: In 
four pregnant specimens of Bradypus, ink injected under 
some pressure did not escape to the outside, but merely 
ballooned out the vagina into an upper simple tubular seg- 
ment which communicated below with two short cornua which 
ended in the wall of the urogenital sinus without any escape 
of fluid. Under still greater pressure the ink extravasated 
into the tissue at the tips of the vaginal canals filling a 
plexus of lymphatics in the vaginal closure membrane. In 
two non-gravid specimens of Bradypus the experiment was 
also tried. In one, as in the gravid specimens, the vaginal 
canals were found closed. In the other specimen the vaginal 
orifices were found open, the ink emerging as two' narrow 
jets into the urogenital sinus to the right and left of the 
midline. The vaginal outlets were no more than 1 to 2 mm. 
in greatest diameter. In the single female specimen of 
Gholoepus obtained, the vagina was found closed. A slight 
difference existed, however, between it and the three-toed 
sloth in that the two vaginal canals were much closer together 
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in Clioloepns; hence tlie median septum was much thinner 
than in Bradypns and the apices of the cornua in the wall of 
the urogenital sinus were much closer together. 

The ovaries of these two specimens of Bradypns and the 
one of Choloepus were sectioned serially. The ovaries of 
Bradypns and Choloepus, in which the vaginal orifices were 
closed, proved on section to he quiescent ovaries in which 
there are neither maturing follicles nor recent corpora lutea. 
Besides scores of primary follicles near the surface of the 
ovary, there is a group of graafian follicles, situated in the 
deeper portions of the ovary, the largest of which is not over 
a half of a millimeter in diameter. 

The ovaries of the specimen of Bradypns, in which the 
vaginal orifices were open, also contain only immature fol- 
licles. In the left ovary, however, there is a mass some 
2 mm. in diameter buried in the ovary which proves to be a 
corpus luteum. It is composed of a rim or cortex of typical 
lutein cells and stroma, surrounding a cavity containing a 
non-cellular mass which appears to consist, in part of 
fibrinous, iii other part of eosin-staining, collagenous ma- 
terial. A few deeply pigmented wandering cells are scattered 
throughout this central core. 

Further details on the reproductive tracts of sloths maj^ be 
found in the papers by Klinkowstrom (’95) and Wislocld 
(’27). 

In the present series opportunity was given to study gesta-. 
tion and placentation in Bradyjnis griseus, a detailed account 
of which is given in another xfiace (Wislocld, ’27). However, 
the writer has recently obtained a fetus and placenta of 
Choloepus hoffmanni, only one other placenta of which has 
been described heretofore (Turner, ’73). In tlie following 
passages a description of this specimen will be given, as well 
as a short summary of the placentation of the three-toed 
sloth. 

Out of six female specimens of Choloepus autopsied at 
Barro Colorado Island during June, July, and August none 
was found to be pregnant. One specimen of Choloepus, kept 
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captive for several moiitlis, aborted a dead fetus in the month 
of October. This fetus, judging from its development, is 
from about the midgestational period. However, of forty 
mature female specimens of Bradypus griseus which have 
come to autopsy over a period of three years during the 
months from April 12th to September 1st, thirty-one were 
pregnant. No early embryonic stages have been obtained so 
far, the youngest fetuses being 27, 36, and 47 mm. (length 
of spine without tail), respectively. In general, it may be 
stated that the oldest fetuses have been obtained during the 
late summer months. 

The fetus and placenta of Choloepus hoffmanni which the 
writer obtained recently were in an excellent state of preser- 
vation, and hence the placenta could be studied. The fetus 
measures 136 mm. length of spine without tail, and is without 
hair or an epitrichial membrane which had yet separated. 
The placenta is in the gross essentially like the placenta of 
the three-toed sloth at the same period of gestation. It con- 
sists of irregularly distributed lobules of placental tissue 
covering much of the chorion, with membranous chorion be- 
tween the nodules. Each lobule varies in size and thickness 
from 1 to 14 cm. in diameter and 2 to 5 mm. in thickness. 
These lobules in the fresh specimen are reddish in color. 
Besides these lobules, there is a smaller number of nodules 
which are not so large and are of a white or greenish color, 
in the fresh state. These are degenerating lobules and are 
identical with those observed in the placenta of Bradypus. 
Besides these, there are thin brownish placques in the chorion, 
the final state of degenerated lobules before their complete 
disappearance. The placenta is seen to be composed of dif- 
fusely scattered nodules and differs from the placenta of 
Bradypus at this period of gestation in not showing a 
tendency of the chorion to become completely membranous 
at the cervical pole. Turner’s specimen from the end of 
gestation is described as bell-shaped, occupying the fundic 
pole of the uterus. It is quite likely, from Turner’s specimen 
and our knowledge of the metamorphosis of the placenta in 
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Bradypus, that the placenta in the present case would have 
eventually become localized in the fiindic half of the uterus 
by further degeneration of lobules. The minute amniotic 
caruncles or villi which the author has described for the 
placenta of Bradypus are lacking in this specimen. The 
umbilical cord is smooth, as in Bradypus ; its attachment and 
the distribution of the blood vessels supplying the placental 
lobules are identical with the conditions observed in the three- 
toed sloth. 

Microscopically, the placenta appears to be identical with 
that of Bradypus, being deciduate, each placental lobule con- 
sisting of a labyrinth of chorionic lamellae inclosing. maternal 
vessels lined by endothelium and an associated supporting 
reticulum upon which the endothelial cells rest. 

From the present series the following observations on the 
placentation of Bradypus griseus are given in summary; 
Only one young matures at a time. One corpus luteum de- 
velops in either right or left ovary. The corpus luteum oc- 
cupies one pole of the enlarged bean-shaped ovary and does 
not protrude (tig. 26 ). 

The chorion is invasive and in the youngest stages of this 
series consists of small lobules diffusely attached to the 
uterine wall. As the uterine cavity enlarges, the lobules in- 
crease in size. However, with advancing gestation, the 
placenta undergoes a marked change in shape, ceasing to be 
diffuse and becoming localized. This is brought about by a 
degeneration of a large portion of the original lobules at tlie 
cervical pole of the uterus, so that the placenta becomes 
localized finally in the fundic half of the uterus as a single 
or bilobed lobulated mass. The remainder of the chorion 
thereby eventually becomes membranous. Minute amniotic 
caruncles are abundantly present over the amnion, which 
at an early date fuses completely with the chorion, thus 
obliterating the exocoelome. A small yolk sac is present 
during the early period before the exocoelomic cavity is 
obliterated. 
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Microscopically, the placenta of Bradypus is found to be of 
the deciduate type. Each lobule- is found to be composed of 
tortuous lamellae of chorionic ectoderm (trophoblast) which 
inclose maternal sinuses within them. The maternal sinuses 
are lined by endothelial cells which rest upon a delicate base- 
ment membrane, the latter the remains of uterine stroma. 
These maternal blood vessels are inclosed within lamellae of 
chorionic syncytium. The lamellae of chorionic ectoderm rest 
upon central cores of fetal connective tissue in which the 
fetal blood circulates. A placenta of this microscopic nature 
represents a transition form from the placenta syndesmo- 
chorialis to the placenta endotheliochorialis, according to the 
classification of Grosser. In its microscopic structure the 
sloth’s placenta possesses many points of similarity to that 
of Carnivora. 

The preceding descriptions and discussions have brought 
out that the placentae of the didactyl and tridactyl sloths 
resemble one another very closely. The placenta of the ant- 
eaters has been described variously in brief observations as a 
thick roundish cake (Mayer, Myrmecophaga), fungiform 
(Welcker, Myrmecophaga), unilobed and dome-like (Milne- 
Edwards, Tamandua), and as disk-like or dome-shaped 
(Eyder, Cycloturus). The present writer has recently ob- 
tained a gravid uterus of Cyclopes (fetus measuring 92 mm. 
from snout to base of tail) in which the placenta occupies 
the fundus of the uterus as a discoidal, superficially lobulated 
mass. In the fetus belonging to this specimen as well as in 
a nearly mature fetus of Tamandua, the author has not ob- 
served the presence of an epitrichial membrane. 

Microscopically, the placenta of Cyclopes is entirely dif- 
ferent from that of the Bradypodidae. In the present speci- 
men it is found to be of a labyrinthine type vdtli wide ma- 
ternal lacunae surrounding stout cords of fetal tissue which 
have a resemblance to villi. It is very likely of the hemo- 
chorial type, according to Grosser ’s classification, although 
final judgment on this point and a full description of the 
specimen will be reserved for a future communication. 
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Plaeeiitation in the Dasypodidae, the remaining family of 
the Xenarthra, is markedly modified by the condition of poly- 
embryony. The placenta undergoes marked changes in gross 
form during the course of gestation and exhibits, therefore, 
a superficial resemblance to the sloth’s placenta. However, 
microscopically, the placenta of the armadillo shows no re- 
semblance to that of sloths, being composed of short, stout 
villi surrounded by maternal lacunae which constitute an 
intervillous space. The microscopic structure of the placenta 
of Dasypus appears to resemble that of Cyclopes, as far as 
an opinion can be based upon our present fragmentary 
knowledge of the microscopic structure of the placenta in 
these two forms. 

Some characters of fetuses of the tridactyl sloth have been 
described elsewhere CWislocki, ’27),- One of the most inter- 
esting is the presence of an epitrichinm — a cornified layer 
of the epidermis which, separates from the body of the fetus 
as a continuous sheet or membrane as the hair erupts. The 
formation of the free epitrichial membrane occurs at the 
130- to 150-mm. stage. The membrane resembles sux^er- 
ficially an amnion inclosing the fetus, but it differs from the 
latter in that it remains attached to the epidermis around 
the eyes, nostrils, and other body orifices. In a fetus of 
Tamandua near term, as well as in a mature fetus of Cy- 
clopes, x^ossessing hair, the writer has not observed an 
epitrichial membrane. 

The young of Bradyy)us are born in a very mature state. 
A newborn measured 31 cm. from snout to tip of tail, ddie 
hair coat is Avell developed, many of the hairs being over a 
centimeter long. The newborn are able to use tlieir arms and 
legs effectively in clinging to the fur of the mother. The eyes 
are open at birth. The mother has two pectoral nixjples. Ac- 
cording to Beebe (’26), who describes the development and 
behavior of a newborn, the young are weaned at the end of 
four to five weeks. 

‘ Differences exist in the structure and form of the x^elvis 
in adult male and female specimens of Bradypus (fig. 12). 



GKOSS AND MIGHOSCOPIC ANATOMY OF SLOTHS 


357 


The pelvic outlet is relatively larger in the female and the 
bones are more slender than in the male. The pubic bones, 
especially in the female, are extremely slender. The symphy- 
sis pubis forms in the adult a bony union which remains 
united throughout pregnancy. In juvenile specimens there 
exists a separate interpubic bone in the symphysis which 
finally unites with the pubic bones to form a complete bony 
symphysis. 

As has been stated, the author has secured one fetus of the 
didactyl sloth, Choloepus hoffmanni (figs. 3, 4, and 5). This 
fetus is 136 mm. long (length of spine) and 200 mm. from 
the tip of the snout to the rump. Fore and hind limbs are 
nearly of equal length, as in the adult, whereas in Braclypus 
the hind limbs are much shorter than the fore limbs in pre- 
natal, as well as postnatal life (figs. 1 and 2). The neck is 
short, instead of long as in Bradypus, and the head is not 
flexed upon the chest. The external ears are well developed, 
the eyes and nostrils closed. Around the mouth on the upper 
and lower lips there are several rows of cutaneous papillae, 
from the tip of each of which a hair or vibrissa protrudes. 
The length of these vibrissae is about 1 mm. They are also 
encountered in Bradypus, appearing first in 70- to 80-mm. 
fetuses, and reaching a length of 2 or 3 mm. toward the end 
of gestation. After birth these vibrissae disappear, the 
snout becoming smooth and hairless. 

Aside from the vibrissae protruding from the cutaneous 
appendages about the mouth, the Choloepus fetus at this 
stage is hairless, ditfering from the fetus of Bradypus in 
which, the hairs begin to erupt rapidly at the 130- to 135-mm. 
stage. In the specimen of Choloepus the hair follicles in the 
skin are just barely visible to the naked eye. There is not 
the slightest indication of the separation of the epitrichium, 
whereas in Bradypus of comparable size the epitrichial 
membrane is well separated. Choloepus develops a free epi- 
trichial membrane later, as is clear from Turner’s descrip- 
tion of a fetus of the didactyl sloth near term which pos- 
sessed a complete epitrichial membrane. Furthermore, in 
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the fetus of Clioloepus the skin is not pigmented in the same 
manner as in Bradypns. The pigment imparts a scarcely 
perceptible grayish tint to the entire epidermis, with the ex- 
ception of the palm and sole pads, while over the dorsum, 
shoulders, crown of the head, and on the eyelids a brownish 
element in the pigmentation is visible. In the fetuses of 
Bradypns, on the other hand, a mottled, black pigmentation 
of the head and trunk is conspicuous. 

Male reproductive tract 

Original observations upon the male reproductive tract of 
the Bradypodidae exist in the works of Meckel (Clioloepus, 
1811), Rapp (Clioloepus, ’52), Oudemans (Bradypus, ’92), 
Klinkowstrom (Bradypus, ’95), van den Broek (Bradypus, 
’12), and Kaudern (Bradypus, ’14). Except for the ob- 
servations of Meckel and Rapp, the descriptions, especially 
the recent ones, are devoted to specimens of Bradypus alone. 
The present writer has made no attempt to study the male 
reproductive tract intensively. The subject would require 
thorough knowledge and study of the comparative anatomy 
of the male reproductive tract in Mammalia in general, more 
especially in the complex field of the development and micro- 
scopic anatomy of the reproductive tract. Nevertheless, sev- 
eral important observations have been made on the present 
material which will be included in a short summary of the 
existing knowledge of the male reproductive tract in the 
Bradypodidae. 

The testes of the Bradypodidae are intra-abdominal, lying 
in the pelvis between the bladder and the rectum each in a 
duplication of the peritoneum, the urogenital mesentery, a 
conspicuous band which extends from the testes upward to 
the adrenal body. An inguinal canal and inguinal ligament 
are lacking (Weber, ’98, ’04). According to van den Broek 
(’12), the testes of Bradypus undergo a partial or rudi- 
mentary descensus whereby they attain a pelvic position. 
A rudimentary inguinal ligament is present during the period 
of descent of the testis, but subsequently disappears. The 
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testes are spherical. The epididymis lies medial to the 
testis and the two epididymides are united across the mid- 
line by a strong band of connective tissue. 

It is of interest to note that there may be a correlation 
between the intra-abdominal location of the testes and the 
body temperature of the sloth. As Eichter (’23, unpub- 
lished), Ozorio de Almeida and Branca de A. Fialho (’24), 
and Kredel (’27) have observed, the body temperature of the 
sloth is low and the temperature-regulating mechanism poorly 
developed. Eecently, the author has observed that in the 
armadillo, which also possesses intra-abdominal testes, the 
body temperature is low and fluctuates considerably with 
the environmental temperature. Moore (’26) has shown that 
spermatogenesis requires lower temperatures than those pre- 
vailing in the body cavity of mammals possessing descended 
testes and that return of the testes periodically to the 
abdomen, normally or by instrumental means, effectively sup- 
presses spermatogenesis. It appears not unlikely, then, that 
mammals possessing abdominal testes throughout life have 
lower body temperatures, as in the case of the sloth and 
armadillo, so that descensus is unnecessary in these forms to 
insure the maturation of spermatozoa. 

Microscopically, the testes of Bradypus and Choloepus in 
the present series show active spermatogenesis Within the 
seminiferous tubules. Interstitial tissue is abundant in the 
sloth’s testis. However, it is greater in amount in Choloepus 
than in Bradypus and is characterized in the former by the 
presence of large, polygonal cells which contain an abundance 
of yellowish pigment within their cytoplasm (fig. 28). 

Careful dissections have been made of the urogenital pas- 
sages and accessory reproductive glands in Bradypus by 
Klinkowstrdm (’95) and Kaudern (’14). A prostate gland 
inclosed in the urethral muscle, rudimentary seminal vesicles, 
and Cowper’s glands have been described by Klinkowstrom. 
The uterus masculinus is small ; the penis, cleft. The prostate 
gland, according to Kaudern, is represented by a large mass 
of glandular tissue which lies between the neck of the bladder 
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and the openings of the vasa deferentia, inclosed within the 
urethral musculature, instead of outside of it, as is the usual 
arrangement of the mammalian prostate. In the young ani- 
mal which Kaudern dissected lie was unahle to find the rudi- 
mentarj^ seminal vesicles desci'ibed by Klinkowstrom. Oude- 
mans (’92) also states that the seminal vesicles arc lacking 
in Bradypns. 

Concerning Choloepus, less is known. Its testes are de- 
scribed as being abdominal, Gowper’s glands present, while 
the presence of a prostate and seminal vesicles is disputed. 
According to Rapp ( ’52), in Choloepus didactylus the seminal 
vesicles are very large, and consist of thick, much-coiled 
tubes. However, Meckel (1811) convinced himself that there 
are no seminal vesicles in Choloepus. Klinkowstrom chooses 
to consider the statement of Meckel more reliable than that 
of Rapp. 

The present series contains ample material of the male 
reproductive tracts of both Choloepus and Bradypns. Dis- 
section of these specimens reveals the x-)i’esence of extremely 
large seminal vesicles in Choloex^us, of rudimentary ones in 
Bradypns. The description of these specimens follows : The 
testes of Choloepus and Bradypns are very similar in ap- 
pearance. The testis proper is spherical ; the epididymis lies 
medial to the testis. The caudal ends of the epididymides are 
united across the midline by a dense band of connective tissue. 
This fibrous union is denser in the two-toed than in the three- 
toed sloth. In both forms the vasa deferentia consist of 
compact, serpentine coils closely united by connective tissue. 
The seminal vesicles differ markedly in the two forms. In 
Choloepus two long tubes, some 10 cm. long when straightened 
out and about II to 2 mm. in diameter, can be dissected out 
from the connective tissue near the base of the bladder. In 
situ these vesicles are compactly coiled and embedded in con- 
nective tissue. The seminal vesicles open independently of 
the vasa deferentia into the urogenital sinus. In Bradypns, 
on the other hand, the seminal vesicles are short, round, 
slightly twisted tubes. In adult Specimens they range from 
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4- to 1 cm. in length and 2 mm. in diameter. They drain 
dorsally into the nrogenital sinus in the neighborhood of the 
prostate about 1 cm. from the openings of the vasa def erentia. 
The prostate is similar in both forms, consisting of a marked 
glandular swelling surrounding the .urethra immediately 
adjacent to the neck of the bladder. 

The microscopic appearances of these glands will not be 
described, but several photographs of their microscopic struc- 
ture are shown (tigs. 27 and 29). 

The writer has not had an opportunity to dissect the male 
reproductive tract of any of the anteaters. However, three 
male specimens of Dasypus have been autopsied. They 
possess a well-developed bilobed prostate outside of the 
urethral musculature and large, stout, vesicular seminal 
vesicles. Klinlcowstrom wus in doubt as to the presence of 
seminal vesicles in Dasypus. 



THE THOEACIC VISCEEA 




The heart 


Bradypus 

Absohcte weight of 
heart, grams 

Grams heart per kilo of 
total body weight 

Grams heart per kilo 
corrected body weight 

1 

10,9 (adult) 

2.34 

2.82 

2 

11.5 (adult) 

2.67 

3.29 

3 

12.5 (adult) 

2.9 

3.55 

4 

7.5 (juvenile) 

2.4 

3.08 

Choloepus 




1 

14.6 (young adult) 

3.54 

4.25 


Figures taken for comparison from the compilations of Fox 
(’23) are: Weight of normal heart in relation to body 
weight. Number of specimens used to determine weight 
quoted in parenthesis. 


Grams per 
kilogram of body 


Man (4), 5.67 

Primates (4), 6.56 

Carnivora (6), 6.78 

Eodeiitia (5), 5 

tingiGata (10), 5.8 

Maimipialia (3), 5.1 
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The lungs 

The lungs of Bradypus and Choloepus possess no fissures 
separating the lobes, the pleura passing directly from lobe 
to lobe without dipping into incisurae or forming any surface 
irregularities which would indicate the presence of lobes. 
Nevertheless, in a fetus of Bradypus of 120 mm. 'length, the 
lungs are found to consist of numerous primary lobules, the 
separation of which by connective tissue can be made out 
by the naked eye. There is also clearly present a demarca- 
tion of the lungs, right and left, into two lobes, an upper and 
a lower one, separated not by a cleft, but by loose connective 
tissue which the pleura bridges at the surface. Hence it 
appears that the lungs are established in the embryonic 
period with distinct lobes, united by loose connective tissue, 
the boundaries of which become practically obliterated in 
the postnatal lungs, so that in the adult neither lobes nor 
fissures are visible on the surface. Furthermore, the pleural 
covering is unusual, as Weber (’04) points out, in that, an- 
teriorly in the region of the pericardium, the pleura is not 
reflected onto the pericardial surface of the lung to extend to 
the hilum, but is reflected directly from the mediastinal pul- 
monary border to the wall of the thorax. Thus the peri- 
cardial connective tissue and the capsule of the lung are 
firmly united without the interposition of serous membrane 
(Weber, ’04), The pleura covering the lungs is extremely 
delicate in the sloth. Microscoi)ically, nothing noteworthy 
has been observed in the structure or arrangement of the 
pulmonary alveoli. 

The tracheas of Bradypus and Choloepus are very dis- 
similar. As Weber (’04) describes and pictures, the trachea 
of Bradypus is very unusual. It is extremely long. It 
extends along the vertebral column to the diaphragm, wliere 
it turns sharply upon itself, forming a complete U. It then 
extends upward to the hilum of the lungs, where it bends 
ventrally and turns upon itself again, forming an inverted Y 
this time, as it divides into right and left bronchi (fig. 9). In 
two adult specimens which were measured, the lengths from 
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tlae thyroid cartilage to the turn at the diaphragm were 21 
and 23 cm., respectively ; the distances from this, turn to the 
second one at the hilum of the lungs, 4 and 5 cm., respectively, 
giving total lengths of 25 and 28 cm. 

In Choloepus, on the other hand, the trachea is extremely 
short, dividing immediately after its entry into the thorax, 
high up in the mediastinum, into bronchi which enter at once 
into the lungs. In two specimens nieasured, the lengths of the 
trachea to its bifurcation were 9 and 10.5 cm., respectively. 

As Weber has observed, the curious form of the trachea in 
Bradypus is already present in fetal life. He says that the 
morphological and physiological significance of the structure 
is a complete puzzle. 

However, the opportunity to compare Bradypns with 
Choloepus in the present study suggests a possible explana- 
tion. The neck of Bradypus is extremely long, that of 
Choloepus short ; Bradypus normally possesses eight or nine 
cervical vertebrae, Choloepus only six. Furthermore, as 
Beebe (’26) has pointed out, Bradypus cuculliger possesses a 
surprising mobility of the neck. In the sagittal plane the 
head is capable of movement anteroposteriorly through an 
arc of 270°, while it can be rotated through three-quarters 
of a circle — an extraordinary degree of rotation for a mam- 
mal. The same is true of Bradypus griseus, so that such 
mobility seems to be a characteristic of the three-toed sloths. 
Choloepus, on the other hand, with its short neck, has a very 
limited range of movement of the head, scarcely half the 
amount of Bradypus. Thus, it seems not unlikely that the 
long trachea in Bradypus is correlated with the enormous 
range of movement of the neck and head in this form, the 
thoracic tracheal loop serving as slack which can be utilized 
when necessary. This idea is strengthened by actual observa- 
tions on the cadavers of freshly killed three-toed sloths, with 
the thorax opened, so that the trachea could be observed. In 
such a preparation with the neck extended, when the head 
was grasped and rotated, the tracheal loop could be observed 
to diminish in length by 2 or 3 cm. 
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The comparison of the lungs of Dasypus, Tamandua, and 
Cyclopes with those of the Bradypodidae is of interest. The 
trachea in the anteaters and armadillos is short as in Choloe- 
pus. The lungs themselves in Dasypus are completely sepa- 
rated into lobes by deep fissures. In Tamandua and Cyclopes, 
however, the lobes are demarcated by superficial fissures only, 
while in the Bradypodidae, as has been described, there is no 
separation into lobes visible on the surface. 

The thymus occupies the anterior mediastinum as a com- 
pact lobulated mass. Microscopically, in young adult ani- 
mals it presents large lobules with poorly separated cortical 
and medullary zones and conspicuous Hassall’s corpuscles 


(fig. 33). 


\ C-J / 

Bradypus 

Absolute weAght of 
thyroids, grams 

THYROID 

Qrams thyroid per kilo of 
total body weight 

Grams thyroid per kilo 
correctfiAl body weight 

1 

0.5 (adult) 

0.107 

0.129 

2 

0.45 (adult) 

0.123 

0.157 

, 3 

0.65 (adult) 

0.150 

0.182 

4 

0.4 (adult) 

0.079 

0.097 

6 

0.38 (adult) 

0.088 

0.135 

6 

0.2 (juvenile) 

0.064 

0.073 

Choloepus 

1 

0.25 (young adult) 

0.061 

0.073 


The amount of thyroid tissue per kilo body weight com- 
pared with the total body weight is extraordinarily low. Even 
the figures obtained by comparison with a corrected body 
weight (body weight, minus stomacli contents and urine) are 
the smallest proportional weights known for any mammal, 
if the measurements given by Fox (’23) are consulted. The 
latter’s figures were obtained from twenty animals with ap- 
parently normal thyroids. The lowest weights were found 
in the ungulates which is the only group which approaches 
the sloth in relative smallness of the thyroid glands. 

The thyroid tissue of Bradypus and Choloepus is composed 
■of two independent glands, one to either side of the thyroid 
cartilage. The glands are spindle-shaped and mucoid or 
gelatinous in texture. That of Bradypus is pink in color, 
whereas that of Choloepus is strikingly orange in color. 
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On microscopic section, the glands are found to he com- 
posed of small follicles containing colloid. The gland is 
poorly defined, the groups of follicles being irregularly inter- 
spersed between large amounts of fat. The contour of the 
gland is extremely irregular and a capsule is lacking (fig. 30). 
Colloid is present in the majority of the follicles in amounts 
which by comparison with other mammalian thyroids might 
be considered to be within the range of normal. There is cer- 
tainly no accentuation of the amount of colloid. Although 
the colloid is fairly abundant in most of the lobules, there 
are numerous areas in which the colloid is decreased in 
amount, the follicles being small with a relatively high epi- 
thelium. Finally, areas of transition exist from those of 
relatively depleted follicles to areas in which the tissue is 
solidly epithelial in character with only an occasional small 
follicle containing a droplet of colloid. 

The epithelium of the colloid-containing follicles, which 
form the bulk of the glands, is usually cuboidal, although 
slightly higher in some follicles and lower than cuboidal in 
a few follicles. The nuclei are invariably round. Free cyto- 
plasm is usually exhibited at either pole of the cells. The 
cytoplasm at the distal pole of the cells occasionally contains 
chromophobe colloid droplets. The colloid within the follicles 
stains variably with Mallory’s connective-tissue stain, the 
majority of the follicles containing blue-staining colloid; a 
smaller number, red-staining colloid. Besides the stainable 
colloid, these follicles almost invariably contain, in the pe- 
riphery of the inclosed colloid in contact with the epithelium, 
numerous droplets of chromophobe colloid which appear in 
section as rows of unstained vacuoles (fig. 32). From the 
presence of the chromophobe secretion mthin the lumen of 
the follicles, as well as similar droplets within the distal cyto- 
plasm of the epithelium, and from the relative height of the 
epithelial cells and the fact that their nuclei are round, one 
is forced to conclude that the thyroids are in a state of active 
secretion. 
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Paratliyroid tissue lias been observed in a number of the 
sections of thyroids. Whether there are four parathyroids 
present in the sloth and, if so, where they are located has not 
been observed. The parathyroid tissue encountered in the 
sections of thyroid presents nothing worthy of special de- 
scription. In one specimen a mass of thymic tissue has been 
found in association with the thyroid. 

HYPOPHVSIS 

Nothing unusually noteworthy has been observed concern- 
ing the hypophysis. Two glands, of both Bradypus and 
Choloepus, have been sectioned serially and stained in 
haematoxylin and eosin and by Mallory’s connective-tissue 
stain. 

The hypophysis of Bradypus is rather singular in shape. 
It rests in a shallow sella turcica and is flattened out into 
an ovoid structure some 51 by 4 mm. in diameter and only 
2 mm. thick. An infundibulum attaching anteriorly ends in 
a round posterior lobe which is inclosed by the flattened hood- 
like pars anterior excepting its dorsal surface. The hy- 
pophysis of Choloepus is nearly spherical. 

Microscopically, the only umisual feature of the hypophysis 
noted is the abundant development of small cysts at the junc- 
tion of the epithelial and neural portions of the gland and 
the projection of these cysts or similar gland-like structures 
from the junctional zone far into the region of tlie posterior 
lobe (fig. 31). Many of these cysts contain free mononuclear 
cells, besides a finely granular secretion within their lumina. 

BRAIN 

No attempt has been made to study the brains of either of 
the two sloths. The gross features of the brains of the 
Xenarthra, including specimens from the sloth, have been 
studied by Pouchet (’96) and by G. Elliot Smith (’99). The 
latter points out besides certain primitive characters, a rather 
striking similarity of the pallium to that of carnivores. 
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In the present investigations, examination of the retina, 
fixed in Held’s fluid according to the modification of Detwiler, 
reveals that the retina of sloths is composed exclusively 
of rods. 

DISCUSSION AND CONCLUSIONS 

Should the present study prove of value, it is mainly 
because it attempts to compare the tridactyl and didactyl 
sloths, using particularly the morphology of the viscera and 
certain other of the soft parts as a basis for comparison. 
Many of the findings are new; others of them are, however, 
a recapitulation of older observations. Moreover, the study 
presents some data, derived from the dissection of the soft 
parts of several members of the Myrmecophagidae and Dasy- 
podidae, which offer a basis for a comparison and a discus- 
sion of the relative positions of the sloths to the other mem- 
bers of the Xenarthra. This comparison, it is believed, has 
been especially valuable in the study of the vascular plexuses 
of the extremities and of the transformation of the gall 
bladder in the Xenarthra. 

A tabulation of the principal points of similarity and of 
dissimilarity, discussed in this paper, between the three-toed 
and two-toed sloths, will first be given. Following that, the 
data derived from a comparison of the entire group of the 
Xenarthra will be summarized. 

The following points of similarity between the tridactyl 
and didactyl sloths were noted: striated musculature uni- 
formly red throughout ; presence of highly specialized vascu- 
lar structures, the so-called vascular bundles, in the extremi- 
ties; venous anastomoses between the vena cava and the 
epidural veins whereby much of the blood is returned to the 
heart; lymphatics emptying in the. adult directly into the 
abdominal veins with a suppression of the thoracic duct ; com- 
plex stomach adapted to a herbivorous diet; rectal pouch; 
rotation of the liver ; large pancreas ; pelvic kidneys ; intra- 
abdominal testes; prostate in urethral wall; bilobed ovaries, 
contained in ovarial pouches; uterus simplex; a cervix 
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between iiterus and vagina; vagina double in lower portion 
and closed at times by a vaginal closure membrane ; placenta 
deciduate of the endotheliochorial type, lobnlated and under- 
going a characteristic change in, shape during gestation; in- 
variably one young; an epitricliial membrane investing the 
fetus; adrenals, thymus, thyroids, and hypophysis grossly 
and microscopically similar; lack in lungs of surface demarca- 
tion into lobes, due to absence of fissures; thick skin, due 
to dense fibrous character of the corium; absence of sub- 
cutaneous adipose tissue. 

The following are the main points of dissimilarity noted 
in the two forms: trachea peculiarly modified in Bradypus; 
absence of gall bladder in Bradypus, presence of a rudi- 
mentary one in Choloepus ; presence of large anal glands in 
Choloepus ; rudimentary seminal vesicles in Bradypus, large 
seminal vesicles in Choloepus ; presence of large, j)igmented 
interstitial cells in the testes of Choloepus; spleen slender, 
long, and round in Bradypus, triangular and flat in Choloe- 
pus; relative proportions of anterior and posterior extremi- 
ties markedly different in the two species, associated during 
life with entirely different postures and manner of climb- 
ing ill the two forms. 

The morphological differences in the skeletons of the ex- 
tremities of the two forms of sloths have been known to 
anatomists for years, but that they are correlated with en- 
tirely different postures and modes of climbing in the two 
genera, as has been determined here by the observation of 
abundant living specimens, is quite significant. These ob- 
servations not only emphasize the wide separation of the 
two genera, but influence all teleological reasoning concern- 
ing the development of certain characteristics of the two 
types of sloths. The doctrine of adaxjtation to purpose is 
useful only when it is based on sound morphological, as well 
as physiological, observations. Much of the previous reason- 
ing relating to causes was founded upon the assumption that 
the hanging postures are identical in the two forms of sloths. 
Since this is not correct, many of the older explanations 
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become obsolete and new teleological principles must be 
sought, depending upon the observed differences in posture 
ill the three-toed and two-toed sloths. 

By including representatives of the entire group of Xenar- 
thra within the investigation, much new light has been shed 
upon the relationships of this group. Perhaps the most 
interesting of these relationships is the correlation which 
has been brought out between the character of the vascular 
plexuses found in the extremities of the Xenarthra and their 
individual postures and muscular activity. This correlation 
begins to bring order into the much-vexed question of the 
nature and significance of the vascular plexuses in the ex- 
tremities. It suggests that the vascular bundles of the sloths 
and of Cyclopes are organs sui generis, associated with highly 
specialized functional and morphological developments in the 
limbs of these animals. Moreover, they are derived possibly 
from simpler ancestral vascular plexuses of the character 
still present in other members of the existing Xenarthra, such 
as Dasypus and Myrmecophaga. The diversity of the plex- 
uses in the different groups makes improbable the explana- 
tion that they all represent simply the persistence of an 
indifferent type of embryonic vascular network. They ap- 
pear in the sloths to be ijiore likely highly specialized deriva- 
tives of simple embryonic patterns. The observations upon 
this correlation are summarized in the following table. 


SpfirAes Pattern of ve.Hscls of e.xtremitie.s 

Dasypus Simple plexiforui networks in 

the forearms ami legs. Stri- 
ated, musculature, mixed red 
and white 

Myrmecophaga Simple plexiform networks in 
the forearms and legs. Char- 
acter of striated musculature 
not known 

Tamandua More comple.x plexiform net- 

works in upper arms and 
thighs, as well as forearms 
and legs. Cliaraeter of stri- 
ated musculature not known 


Mode of life, muscular activity 
Ground-living. Extremely ac- 
tive. Repeated, rapid move- 
ments in digging over pro- 
longed periods 

Ground-living. Active in walk- 
ing 


Largely arboreal. Less active 
than either of the preceding. 
Its movements are to some 
extent deliberate and slow like 
those of sloths 
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Species Pattern of vessels of eiKtrernities 

Cyclopes Vascular bundles Hgbly dif- 

ferentiated iu anus aiul 
thighs. Character of striated 
musculature not known 


Choloepus Vascular bundles highly dif- 

and ferentiated in arms and 

Bradypus thighs. Striated musculature 

uniformly dark red 


Mode of life, muscular acfdvitj/ 

Arboreal. Movements slow and 
deliboi-ate. Clinging postures, 
necessitating highly developed 
postural tone, maintained for 
long periods 

Arboreal. Movoiueuts slow and 
deliberate. Adaptation to cling- 
ing with maintenance of pos- 
tural tone highly developed 


The morphology of the gall bladder constitutes another 
interesting object for comparison within the order of the 
Xenartlira. It has been found in the present investigation 
that the gall bladder is absent in Bradypus, rudimentary in 
Choloepus, only ■ slightly more highly developed in Cyclopes 
and Tamandua, respectively, while in Dasypus it is large 
and complex. 

The trachea and lungs in the Xenarthra also exhibit note- 
worthy modifications which parallel the relationships be- 
tween the genera brought out in other characters. The 
trachea is markedly modified in Bradypus, whereas in the 
remaining Xenarthra it is of the usual mammalian type. In 
reference to the character of the trachea, as in the instance 
of the gall bladder, Bradypus is further removed than Choloe- 
pus from the remaining members of the group. Furthermore, 
in Bradypus and Choloepus the lobes of the lungs are firmly 
united by connective tissue, so that there are no surface indi- 
cations of lobulation, the pleura clothing the entire surface 
of the lungs uninterrupted by fissures. In Tamandua and 
Cyclopes the lungs are superficially divided into lobes, and 
in Dasypus the demarcation of the lobes by fissures is com- 
plete. 

Lastly, in regard to the reproductive tract, so many ob- 
servations which differ from previous ones in the literature 
have been made in this investigation that it is deemed admis- 
sible to summarize the data on this subject (table 1). 

The following new observations upon the reproductive 
tracts of the Xenarthra are worthy of recapitulation: 
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1. A cervical segment is present in the Bradypodidae, be- 
tween uterus and vagina, consisting of a region of especially 
modified mucosa. 


TABLE 1 



BRAD YP us 

CHOLOEPUS 

TAMANDUA 

DASYPUS 

uterus 

Simple 

Simple 

Simple 

Simple 

Cervix 

Present 

Present 

Absent 

Absent 

Septum 

Present 

Present 

Present 

Absent 

vaginae 





Vaginal 

Present 

Present 

No observations 

No observations 

closure 

membrane 





Ovarial 

Nearly complete 

Nearly complete 

None 

Nearly complete 

pouch 





Ovary 

Bilobed 

Bilobed 

Eusiform 

Eusiform 

Placenta 

Lobulated and 

Lobulated and 

Discoidal in 

Segmented in 


consisting 

consisting 

Tamandua and 

correlation to 


microscopically 

microscopically 

Cyclopes. In 

polyembryoiiy. 


of chorionic 

of chorionic 

Cyclopes 

Consists micro- 


lamellae 

lamellae 

consists of a 

scopically of 


inclosing 

inclosing 

labyrinth of 

maternal 


maternal vessels. 

maternal vessels. 

maternal 

lacunae 


Endotheliocho- 

Endotheliocho- 

lacunae 

surrounding 


rial type. One 

rial type. One 

surrounding 

fetal mlli. 


young 

young 

fetal vilH. 
Probably 
hemochorial 

Probably 

hemochorial 

Epitriehial 

Present 

Present 

Absent 

Absent 

membrane 





Testes 

Intra-abdominal. 
Inter renal 
position 

Intra-abdominal. 

Interrenal 

position 

Intra-abdominal 

Intra-abdominal. 
Anterior body 
wall at inguinal 
ring 

Prostate 

Present in 
urethral muscle 

Present in 
urethral muscle 

No observations 

Present, bilobed, 
outside of 
urethral muscle 

Seminal 

Eudimentary 

Large 

No observations 

Large 

vesicles 






2. Besides the presence of a vaginal septum, which was 
known to the older observers, a vaginal closure membrane 
of periodic occurrence has been found in the Bradypodidae. 
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3. Tlie ovaries of the Bradypodidae and Dasypodidae are 
contained within an ovarial pouch which has a narrow, slit- 
like orifice into the x)eritoneal cavity. In Taman dua the 
ovaries are not contained in a pouch. 

4. The placentae of the Bradypodidae, Myrmecophagidae, 
and Dasypodidae differ materially in gross and microscopic 
character. The placentae of Bradypus and Choloepus are 
almost identical, consisting of diffuse, lobulated, deciduate 
masses which gradually become localized placental masses 
during the course of gestation. According to the author’s 
interpretation, the placenta of the Bradypodidae belongs to 
the endotheliochorial type of G-rosser. 

The placenta of a specimen of Cyclopes which the author 
describes is a localized discoidal placenta, agreeing with sev- 
eral older observations in the literature on the form of the 
placenta in the Myrmecophagidae. Microscopically, it con- 
sists of short, stout strands or villi of fetal tissue surrounded 
by maternal lacunae. Hence it is totally unlike the placenta 
of the Bradypodidae. It is deciduate and is probably of the 
hemochorial type of Grosser. 

In the Dasypodidae the placenta is adapted to the condition 
of polyembryony and differs markedly in gross character 
from either of the two previous forms. Microscopically, it is 
villous in character and possesses wide intervillous maternal 
lacunae, bearing considerable resemblance to the placenta of 
Cyclopes. It is deciduate and is probably of the hemochorial 
type of Grosser. 

5. The fetuses of the tridactyl and didactyl sloth differ 
markedly in external form and body proportions. Moreover, 
they differ in the time at which the hair erujots and a free 
epitrichial membrane develops. In Tamandua a free epi- 
trichial membrane was not observed in a specimen near term, 
possessing long hair. 

6. The testes of the Xenarthra are intra-abdominal. It is 
suggested in the present study from observations on sloths 
and armadillos that there is a correlation between intra- 
abdominally located testes and body temperature. 
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7. A prostate gland inclosed in the urethral muscnlatnre 
has -been found in both Bradypus and Choloepus. In Dasypus 
the prostate is bilobed and lies outside the urethral muscula- 
ture. 

8. In disagreement with previous observations, large semi- 
nal vesicles have been found in Choloepus, rudimentary ones 
in Bradypus. In Dasypus seminal vesicles are present and 
well developed. 
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PLATE 1 


PLATE 1 

EXPLANA'nON OP FIGURES 

1 Fetus of Bradypus griseus griseus. Length of fetus; spine without tail, 
97 mm,; snout to tip of tail, 130 mm. This photograph shows the characteristic 
posture of the fetus in utero. It also shows the great disproportion of the 
anterior and posterior extremities in Bradypus, as well as the unusual length 
of the neck. Hair has not erupted yet, nor has an epitrichial membrane 
formed. X 1.4. 

2 Same fetus as in figure 1, seen from opposite side. X 1.4. 

3 Fetus of Choloepus hoffmanni. Length of fetus: spine without tail, 
136 mm.; snout to rump, 200 mm. In Choloepus the anterior and posterior 
extremities are nearly of ecpial length. The neck is short and stout. Around 
the mouth the vibrissae can be seen. Hair has not erupted yet at this stage 
in Choloepus, nor has the epitrichial membrane separated. X 0.7. 

4 Ventral view of same specimen as in figure 3. X 0.7. 

5 Opposite side of same specimen as in figure 3. x 0.7. 
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EXPLANATION OP FIGURES 

6 Bradypus griseus giiHeus. Section througli tlie vortebriil column of a 

nearly term fetus, sliorving tlie vertebra, the vertebral carnal, the spinal cord, 
and on the right side the epidural vein, fully as large as the spinal cord, which 
represents a principal channel in sloths for the return of blood from the caudal 
part of the body to the heart. Mallory’s coiiuective-tissue stain. X 19. 

7 Bradypua griaeus griaeus. Section through an adrenal gland, showing 

cortex and medulla. Chromaffin stain. Hematoxylin and eosin. X M. 

8 Bradypua griseus griaeus. Photograph showing the shape of the spleen 
in the tridactyl sloth. 1.4, 

9 Bradypus griseus griseus. Lungs and trachea of a, juvenile tridactyl sloth, 

showing the course of the trachea. There are no fissures to indicate the lobes 

of the lungs. X 0.9. 

10 Bradypus griseus griseus. Section through the vascular bundle of the 
arm, to show the brachial artery, surrounded l)y a set of smaller arteries and a 
set of veins, all inclosed in a sheath to constitute a typical vascular bundle as 
it is encountered in the sloth. Mallory’s eonnectivo-tissiie stain. X 19. 
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PLATE 2 



l*LATl!l 

EXPIiANATION OF FKiUIM'IS 

1.1 Pli(jtog!';i.|)li to iiliistnito tlu! proport ioius iuul roljitivi! lengths ot tlie 
limbs in (Iholoepus (left) !Uk 1 Bnulypus (right). 

12 Brml.ypus griseiis griseus. Photognit>h to illiistralc th(i vsexual differenees 
in the iielvis in an rulult mnle (right) and ;iii nihilt female (left). Note the 
greutc'i' thieknesH of tin* symphysis in the umle than in tlie female. 

13 Choloepiis hofl'niaiuii. laiver of the didaetyl sloth, illiistriiting the small 
size and simplieity of the gall bh'ulder. 

14 Oholoepua hoffinaiuii. kSpieou of the didaetyl shdli. Note the white mass, 
the pancreas, in contact with it at the hiliim. X 1.2. 

Id Bradypus griseus. Typically bilobed ovary of the slotli. The ovarial 
pouch has been drawn aside to e.Kpo8e the ovary. The largin* pole contained 
a corpus luteum of pregnancy. X 3. 
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PLATE 4 


EXPLANATION' OF FlOUlWiS 

16 BrudypuH griaeus griacua. ^pctioii of the atriuted luuKciilature, showing 
two nouromuscnil.'iP siiiiKlles <‘ut longitudhuilly. X ijS. 

17 Bradypus griaous griaous, showing a longitudinal section of a neuro- 
muscular spindle. Note the intrafusal fibers traversing the spindle^ as well 
as the darker luudcar inaas near its center. X 126. 

18 Bradypus griseus griscus. Striutions of tlie vohmta,ry musculature. 

. Bielschowski’s method. X 1450. 

19 Bradypus griseus griseus. Neuroruuscular spindles cut transversely, 

X 126. 

20 Bradypus griseus griseus. Neuromuscular spindle cut transversely. 

X 126. 

21 Bradypus griseus griseus. Striations of the voluntary musculature. Mal- 
lory Is eonneetive-ti.s.sue stain. X 1450. 
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PLATE 5 


EXPLANATION OF FIOURES 

22 Briidypua griseua gviseus. Boetiou tlivough the skin of chest, showing 
the dense fibrous, nceliuhir character ()f the thick corium and the absence of fat. 
One of the infrequent sweat glands is .shown (a). Hoinatoxylin and eosin. 
X 126. 

23 Gholoepus hoffinaimi, Beetion through liver and wall of gall bladder. 
In the wall of the gall bladder of the didaetyl sloth, there is .scarcely any 
musculature. A slender strip of smooth muscle can be seen at a, Mallory’s 
connective-tissue stain, X 03. 

24 Oholoepus hoffmamii. Section through skin of snout, showing the large 
sweat glands in that region. The cellular sheaths in the cerium accompanying 
the blood vessels can also be seen. Hematoxylin and eosin. X 126. 

25 Oholoepus hoffmanni. Section througli the anal gland, showing its 
sebaceous character. Hematoxylin and eosin, X 11- 
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PLATE 6 

EXPLANATION OP FIGURES 

26 Bradypus griseus griseus. Section showing the ovary, containing a corpus 
luteum of pregnancy. Hematoxylin and eosin. X 19. 

27 Bradypus griseus griseus. Section showing a seminal vesicle. Hema- 
toxylin and eosin. X 14. 

28 Choloepus hoffmanni. Section showing the testis with large pigmented 
cells in the interstitial tissue. Hematoxylin and eosin. X 126. 

29 Bradypus griseus griseus. Section through the urethra and prostate 
gland. Hematoxylin and eosin. X 11. 
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PLATE 7 

BXPliAMATION OP FIOIJKK.S 

KO Briulypus gristuus griseits. Scdiou l.livough thyvokl gland, nhowing the 
Jaek of onciipauliif.ion and the intersptMvsal of fa,t tlirongli tlie gland. Mallory’s 
eonneetive-tissue stain. X fih 

31 Bradypns griseua griseiia. Soid'.ion through the hypophysis, slu)wing the 
cystic structures at the junction of the epithelial and lu'ur.al portions of the 
gland. Hematoxylin and eosin. X 03. 

32 Bradypns griaeus griacus. A typical group of follicles from the thyroid, 
showing the abundance of the chromophobe colloid droplets in the periphery 
of the colloid. Mallory’s eoiineetive-ti.ssue stain. X 110. 

33 Bradypns grisens grisens. Section showing the well-developed thymns 
in a juvenile specimen. The black masses nea,r the bottom of the figure are 
Hassall’s corpuscles. Mallory’s connective-tissue stain. X 19. 
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AUTHOR’S ABSTRACT 

The septomaxillary is described in certain annrans and in some of the reptiles in ‘which 
it occurs. In urodeles and some annrans this bone arises by ossification of the nasal car- 
tilages. Lack of embryological material has prevented the verification of thi.s in the young 
stages of the reptiles. Adult reptiles have been examined, and in these the bone appears to 
be and has often been described as a ‘membrane bone.’ It is suggested, however, that the 
septomaxillary is originally a ‘cartilage bone,’ and that in the reptiles additional membrane 
bone layers form its main ijart and obscure its cartilaginous origin. The infolding of the 
bone in the anurans and reptiles until it lies in close contact ■\vith the nasal septum, and 
thereby loses contact with the external nasal structures, appears to be correlated with the 
loss of the external nasal muscles. This lo.sa in its turn results from the adoption of terres- 
trial life and consequent changes in the respiratory mechanism. 
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INTEODUCTION 

The homology of the septomaxillary among the lower verte- 
brates is now an accepted fact, and the names ‘cornet,’ ‘os 
intranasale, ’ and ‘tiirbinal,’ given by various authors in the 
past, have been rejected in favor of the name ‘ septo-maxil- 
lary,’ originally used by W. K. Parker in his amphibian 
studies. In vol. 45, no. 2, of this Journal, I have shown that 
the septomaxillary among the urodeles is an ossification of 
the cartilage in the posterior wall of the fenestra rostro- 
lateralis, which provides for the partial origin of the muscu- 
lus dilatator naris proper and of the musculus dilatator naris 
accessorius, and which is usually closely related to the naso- 
lacrimal duct. The development of the nasal muscles and 
the size of the septomaxillary increase in the higher members 
of the group. 
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Curiosity about the fate of the external nasal musculature 
of the urodeles prompted my further investigation of the 
septomaxillary and of the nasal region generally in the 
anurans, gymnophionans, and reptiles. The gap separating 
the anurans from the urodeles is large, owing to the ex- 
tremely specialized condition of the anuran nasal capsule 
with its three chambers. The external nasal muscles of the 
anurans are modified from the urodelean forms ami their 
relation to the septomaxillary is changed. 

As we pass higher in the vertebrate line to the reptiles, 
the septomaxillary, present in the Bhynchocephalia (Spheno- 
don), in lizards, snakes, phytosaurs, and in some thero- 
morphs, tends more and more to lose its former character- 
istic of being outside the nasal capsule; it undergoes a process 
of infolding until it comes to lie in the floor of the nasal sac 
in close contact with the nasal septum; it also loses to a 
certain extent its intimate relation with the nasolacrimal 
duet, which opens, together with Jacobson’s organ, into the 
mouth. Hence the bone is difficult to see in this group unless 
the skull is dissociated. 

I have tried to take representative species of each group 
as far as the available material allowed. The different 
genera of the groups Lacertilia and Ophidia approximated 
to two main types of nasal structure which have been de- 
scribed by earlier investigators (Born, ?>, 4, 5; Pai’ker, 26, 
27). In these groups, therefore, I have restricted myself to 
a consideration rnainty of the function and |)ositioii of the 
septomaxillary. 


MATEllIALK AND METHODS 

The following species have been examined; 

Glass Amxohibia : 

1. Stegocephalia, None. 

2. Hrodela, See Introduction. 

3. Gymnophiona, Ichthyophis giutinosus, page 409. 

Hypogeophis rostratus, page 410. 
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4. Anura: 

Aglossa, 

Phaiieroglossa, 


Class Reptilia: 

1. Rliynchoceplialia, 

2, Lepidosauria : 

Lacertilia : 
G-eckonidae, 
Ampliisbaenidae, 
Lacertidae, 
Ophidia : 
Typlilopidae, 
G-lanconiidae, 
Boidae, 
Uropeltidae, 
Golubridae, 


Xeiiopiis calcar atus, page 407. 
Bufo marinns, page 406. 

Rana temporaria, page 403. 
Rana palustris, page 404. 

Hyla wilderi, page 406. 

Splieiiodoii piinctatiis, page 412. 

Page 412. 

Gonatodes vittatus. 
Ampliisbaeiia fiiligiiiosa. 
Lacerta miiralis. 

Page 412. 

Typlilops porrectiis. 

Glaaconia nigricans. 

Eunectes murinus. 

Plectrums perroteti. 

Lycodon anlicus. 

Atractis trilineatns. 


Excepting Rana, the preparation of the skull by Noble’s 
modification of the Schultze KOH method (the staining of 
the bone with alcoholic alizarin, before clearing in glycerin), 
which was used so successfully for the urodeles, has not been 
practicable, either through lack of sufficient material or be- 
cause the position of the septomaxillary inside the nasal 
cavity made the observation of it in the intact skull a difficult 
matter. Most of the heads examined have been cut into 
sections 10 m or 15 n thick, and the bone reconstructed from 
the sections by the glass-plate method: consecutive sections 
of the object are drawn on thin glass plates with a ground 
surface (the necessary magnification being calculated from 
the thickness of the glass plates and the thickness of the 
sections) ; these are piled up with cedarwood oil between each 
to clear them. A solid reconstruction of the object is thus 
visible when the whole pile of plates is lit, preferably from 
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behind or below. Plentiful fresh material of the frog (Rana 
temporaria) and of the wall lizard (Lacerta muralis) made 
it possible to dissociate the skulls with KOH and to study 
the septomaxillary without using this rather tedious recon- 
struction method, which is nevertheless invaluable where 
material is scarce. 

The fresh material for sectioning was fixed with Bonin’s 
fluid and decalcified in a saturated solution of picric acid 
with 1 per cent concentrated nitric acid. The reptilian ma- 
terial presented difficulties in decaleification and in the soften- 
ing of the horny scales. The use of 1 per cent HNOg in 70 
per cent alcohol as a decalcifying fluid was sometimes suf- 
ficient, and the scales became soft enough to section in the 
ordinary way. This method failed twice for Typhlops por- 
rectus, of which material was plentiful ; in the third attempt 
I used the double-embedding method, impregnating celloidin 
with paraffin wax, which proved quite successful (Bitring- 
ham, “Butterfly vision,” Journ. Ent., 1919). I also experi- 
mented, but unsuccessfully, with CSo for softening the scales, 
and in one or two instances, e.g., Eunectes murinus, resorted 
to a careful skinning of the head in order to get rid of the 
scales entirely. 

The most successful stain for sections was found to be 
alcoholic borax carmine followed by picro-nigrosin, which 
gives very good ditferentiation of the tissues. Magenta- 
indigo-picrocarmine was also used quite successfully, though 
differentiation is not so good as by the former method. 

I have used mainly the nomenclature of Ecker and Wieder- 
sheim and of W. K. Parker. 

In my search for material, I am indebted to Prof. J. S. 
Buiikeiiy for Bufo, Amphisbaena, and Hypogeophis ; to Doc- 
tor Carpenter for the use of the reserve collection of snakes 
in the Manchester Museum; to Prof. G-raham Kerr, of Grlas- 
gow, for two specimens of Xenojous; to Dr. Joseph Pearson, 
of Colombo, Ceylon, who kindly sent me a specimen of 
Ichthyophis; and to Prof. Julian Huxley for allowing me to 
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examine, at King’s College, London, the material of Spheno- 
don prepared by Bendy and others. 

Most of the material has been preserved for museum ex- 
hibition, and not for histological study, so that shrinkage of 
the soft tissues, due to bad fixation, is seen in some instances ; 
but this has not interfered appreciably with the purpose of 
the work. 

DESCRIPTION 

The septomaxillary in the anurans 

The assumption of land habits by the anurans and the 
consequent adoption of an air-breathing mode of life have 
reacted upon their respiratory mechanism, causing changes 
in the musculature of the external nares. In this group the 
external nares are controlled by the striated musculus sub- 
mentalis and the masticatory muscles, instead of by the more 
slowly responding smooth muscles, which have been shown 
to have an intimate relation to the septomaxillary of the 
urodeles. 

Rana. The closing of the nostril and the events leading up 
to it have been well described for Eana fusca by Gaupp(lO), 
who points out the importance of the connection of the 
cartilago alaris with the premaxilla. The closing of the 
mouth is brought about by the raising of the lower jaw by 
means of the masseter muscle ; as this takes place, the tuber- 
culum praelinguale of the lower jaw is pressed into the fossa 
subrostralis media of the upper jaw, at the bottom of which 
lies the suture between the two premaxillae. The consequent 
slight separation of the premaxillae, into whose hollow facial 
process the processus praenasalis superior of the cartilago 
alaris projects, causes an outward movement of this portion 
of the cartilago alaris; as this part is forced outward, the 
larger posterior part of the cartilage swings inward and thus 
effects the closing of the nostril (fig. 2). 

Describing the position of the septomaxillary in Eana 
fusca and its relation to the other nasal structures, Bruner 
says : 
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111 the roof of the caviiiii medium, vsupported by the lamina 
superior, the planum terminale and the lateral wall of the nasal 
capsule, lies a small horseshoe-shaped boiui, the intranasale of Gaupp, 
whose two eaudo-medially directed arms are. separated by a narrow 
cleft. The medial arm of the bone lies in close contact with the free 
margin of the lamina superior; its broader lateral arm extends 
towards the anterior incurv(;d angle of the planum terminale, em- 
braces -with its excavated caudal margin the anterior convex surface 
of this cartilage, and then terminates at the medial margin of the 
same, that is to say, at the anterior incurved end of the turbinal 
prominence. Beneath the lateral arm of the intranasale the ductus 
naso-laerymalis passes to its opening at the anterior end of the 
planum terminale. 

The slit-like opening between the two arms of the intranasale 
leads from the cavuin medium into a lateral vestibule of the cavnin 
superius, which is bounded in front and laterally by the cartilage 
alaris, behind by the thickening of the lat('ral nasal wall which con- 
tains the glandula nasal.is externa. This vestibule, which was briefly 
described by Born, is separated from the cavum superius itself by 
folds only, of which one connected with the caudal wall of the 
vestibule attains a considerable size. This fold, which I shall call 
plica obliqua, extends from below obliquely upward and terminates 
at the medial margin of the nasal opening, where it is attached to 
the cartilaginous roof of the nasal cap,sule(7, pp. 888 and. 889). 

I have verified this for Raiia temporaria (tigs. 1, 3, 4, and 
5) and Raiia palustris, which show a Similar intimate con- 
nection between the septomaxillary and the adjacent nasal 
cartilages as described for the nrodeles. Bruner has homolo- 
gized the two nasal muscles of Rana with the musculus con- 
strictor naris and tlie musculus dilatator naris of the 
nrodeles, l)ut Gaupp (10) regards tliis as a fallacy l) 0 cause 
Bruner’s so-called constrictor muscle is apparently slightly 
dilatatory (v. infra). He tlierefore gives the names musculus 
lateralis narium to Bruiior’s musculus constrictor naris, and 
muscnlns medialis iiarinm to Bruner’s miiscnlus dilatator 
naris. Brnner found the developm.ent of the external nasal 
muscles and of the external nasal gland of Rana to resemble 
the homologous parts in Triton. 

The lateral nasal muscle of Rana temporaria is larger than 
the medial and lies behind the apertnra naris externa, the 
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vestibulum, and tlie recessus sacciformis. Its composite 
fibers arise from the posterior part of the cartilage obliqua, 
the planum terminale, and the connective tissue between the 
skin and the glandula nasalis externa. It extends anteriorly 
outside the septomaxillary and the glandular tissue, to be 
inserted in a radiating manner into the connective tissue 
of the posterior border of the apertura naris externa and 
into the plica obliqua. The function of the lateral muscle 
is to hold open the apertura naris externa, the vestibulum, 
and the recessus sacciformis, and to give tension to the plica 
obliqua; it is thus rather more dilatatory than constrictoxy. 
It also partiall^T- controls the discharge of the secretions of 
the glandula nasalis externa. 

The medial muscle lies to the inside of the same glandular 
tissue and part of its external surface is applied to the inside 
of the short lateral arm of the septomaxillary and more 
posteriorly to the medial side of the planum terminale, from 
whose base it mainly takes its origin ; only a few of its fibers 
arise from the lateral arm of the septomaxillary^ The muscle 
ascends anteriorly close to the medial arm of the septomaxil- 
lary and merges into the connective tissue, which itself 
ascends farther forward still into the plica obliqua and sur- 
rounds the cartilage alaris. Thus the insertion of this muscle 
is similar to that of the lateral muscle, although the actual 
muscle does not extend as far forward. The function of the 
medial muscle is to reinforce the tension already given to 
the plica obliqua by the lateral muscle. The importance of 
the tension of this fold is apparent when one considers the 
mechanism of the closing of the external nares as it is above 
described. When the cartilago alaris swings round, it causes 
the lateral wall of the vestibule to press against the plica 
obliqua. The tension of the soft borders of the external naris, 
brought about , by the condition of these two smooth nasal 
muscles, changes little or not at all during the various phases 
of respiration. 

Thus neither of these muscles is a true dilatator or con- 
strictor of the external naris. Gaupp’s nomenclature, there- 
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fore, describes them better, although Bruner’s terms indi- 
cate their homology -with the corresponding muscles in the 
urodeles. Bruner’s view is further supported by embryologi- 
cal evidence. He and others suggest tliat changes in the 
respiratory mechanism of the anurans as a result of their 
adoption of a terrestrial life have caused the alteration in the 
function of these muscles. 

The description for Rana temporaria and Rana palustris 
stands for Hyla wilderi, which has also been examined for 
possible variations. 

Bufo marinus. In this species the nasal sac has three 
chambers similar to those found in Rana, namely, the cavum 
superius, the cavum medium, and the cavum inferius (Jacob- 
son’s organ). This homology of the cavum inferius and 
Jacobson’s organ has been established by Wiedersheim, 
although Howes (17) believes that the structure in the 
Amphibia, sometimes called the organ of Jacobson, is a maxil- 
lary sinus, not homologous with Jacobson’s organ of higher 
animals, and that Jacobson’s organ exists in its most nearly 
original form in the Lacertilia. 

The cavum superius is the main cavity. It extends from 
the region in front of the external naris backward to open 
into the cavum inferius. Neither the cavum medium nor the 
cavum inferius extends cpiite so far forward. They both 
appear in sections passing through the anterior border of 
the naris. The cavum medium extends backward as far as 
a point slightly l)ehind the ymsterior border of the external 
naris, where it o}iens into the lowermost sac, the cavum 
inferius; it also projects liackward a little way in a ventral 
groove of the septomaxillary. Tlie cavum inferius, receiv- 
ing thus the other two cavities, itself opens through the 
ehoana into the mouth. 

The septomaxillary of Bufo is larger than that of Rana 
and its shape is different. Its blunt anterior end lies in the 
connective tissue below the cartilago alaris. Anteriorly and 
laterally, it roofs in the cavum medium, supplementing the 
lamina superior of the crista intermedia. More posteriorly, 
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tlie bone is seen to divide (compare the condition in Kaiia) 
to allow the cavum medinm to open into the infundibulnm of 
the cavum siiperius. Behind this point the medial shank of 
the bone, closely applied to the lamina superior, is much 
shorter than it is in Eana. The lateral shank, however, is 
much larger than it is in the corresponding bone in Eana. 
It curves round the posterior border of the apertura nasalis 
externa and sends out a bony support which apparently re- 
places a certain amount of muscle and connective tissue in 
the plica obliqua. This lateral shank bears posteriorly three 
depressions : two caused by the external nasal gland, and a 
third, more posterior depression, into which fits a cartilagi- 
nous process of the planum terminale near its junction with 
the cartilag'o obliqua (figs. 6 and 7). 

The lateral nasal muscle is smaller than in Eana and its 
fibers are somewhat diffuse. It takes its origin from the 
maxilla and from the adjacent nasal cartilages. Eadiating 
upward anteriorly, over the outer surface of the septomaxil- 
lary, it is inserted into the connective tissue round the pos- 
terior border of the external naris, giving tension to this 
region. 

The medial muscle is represented by the few fibers arising 
from the inner and outer surfaces of the process of the septo- 
maxillary which lies in the plica obliqua. It is inserted into 
the dorsal surface of the cartilago obliqua (fig. 7). Its func- 
tion of retaining tension in this region is supplemented and 
almost entirely taken over by the process of the septomaxil- 
lary which projects into the plica obliqua. 

The nasolacrimal duct runs forward in a groove on the 
posterior lateral border of the septomaxillary and then passes 
underneath the bone to open into the nasal sac in the hinder 
end of the cavum medium. 

Xenopus calcaratus. Owing to the curious infoldings of its 
nasal cartilages, Xenopus has an extremely specialized nasal 
sac. Parker (25) first described the cartilaginous skull and 
also pointed out that in the structure of its nose Xenopus 
differs from Pipa as much as they both do from the other 
Batrachia. He speaks of the cornua trabeculae being — 
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curiously overlapped by the most higrhly developed form of nasal 
valve with which I am acquainted. . . , [They] are extremely 
unlike those of the frog and toad ; they are continuous with the great 
iabial pouches in front, and with the septum nasi in the middle. 
These cornua are not seen above, being covered ])y the labial pouch ; 
but below they are seen .... to lx*, tilted plates, with their convex 
face in front,- they grow outwards and turn backwards, and help 
to give complexity to the infoldings of the Schneiderian membrane 
(figs, 11 and 12). 

The clioana of Xeiiopus is jilaced fairly far back in the 
roof of the mouth, the posterior sections through the ehoana 
cutting the eyes. The eavum iiasale, whose walls are thickened 
with sensory epithelium, is a pear-shaped sac, rounded 
medially and opening ventrolaterally into the ehoana. More 
anteriorly, it opens into the lateral nasal canal, a narrow 
flattened extension of it which enlarges anteriorly and buds 
off laterally a small sac which ends blindly in front at a 
level which marks the ji^sterior blind ends of Jacolison’s 
organ and the cavum medium. Jacobson’s organ is a medial 
ventral offshoot of the lateral nasal canal. It is embedded 
in Jacobson’s gland, which lies in its usual position under- 
neath the cavum nasale and the lateral nasal canal, and ends 
blindly in front, giving off a small medial pocket just behind 
the level of the posterior border of the external naris. The 
cavum medium also opens into the lateral nasal canal just 
behind the external naris. It is an irregular structure, lined 
with sensory epithelium, and inclosed liy the nasal cartilages, 
that is to say, by tbe eornn traliecnlae medially and laterally 
by tbe lateral wall of tlie largo labial );)ouch. The naso- 
lacrimal duet lies along the t.op of it, pavssiug (ii’st ihrough 
a notch in the posterior border of the scqitomaxillary, and 
then under tliis bone and dorsal to the cavum modimn, with 
which it opens anteriorly into the lateral nasal canal (hgs. 
8 and 9). 

The septomaxillary roofs in this region, between the corim 
trabeculae and the lateral wall of the labial pouch (iigs. 11 
and 12). It is a simple, slightly curved plate broadening 
posteriorly. Anteriorly, it forks round the posterior border 
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of the external naris. This part of the bone is embedded in 
the constrictor or lateral muscle which lies in the connective 
tissue below the skin, gives tension to the posterior border 
of the naris, and thus has a minor function in the mechanism 
of inspiration as described for Eana. Of the medial muscle 
there seems to be no trace, but, posteriorly, a few muscle 
fibers, arising from the outer surface and from the dorsal 
surface of the septomaxillary, pass over the outer surface 
of the cartilage obliqua and are inserted into the lateral 
border of the nasal bone; none of these, however, rnns as 
far forward as the external naris. 

The septomaxillary in the GymMophiona 

1 chilly ophis glutinosus. The septomaxillary of Ichthyopliis 
glutinosus was first described by Huxley (19) as a bone which 
seems to be an ossification of the cartilaginous ala nasi, and 
later by P. and F. Sarasin(31), who called it a ‘turbinah’ 
It lies in the lateral border of the anterior portion of the 
nasal sac (compare urodeles), forming the nasal wall; figure 
13 (after the Sarasins) shows its general shape. The ‘obere 
lamelle,’ the most medial wing, forms an acute angle with 
the rest of the bone and is intimately applied to the dorsal 
nasal process (Winslow, 34). The ‘aeussere lamelle’ and the 
^untere lamelle’ wall in the skull between the nasal and the 
premaxilla, and, more posteriorly, between the nasal and the 
maxilla. The bone lies in command of the fenestra narina. 
Some of the fibers of the external nasal muscle are inserted 
in the anterior inner border of its upper wing (fig. 14), some 
in the dorsal nasal process and some in the ventral nasal 
process just behind the external naris. This muscle is homolo- 
gous with the constrictor (lateral) muscle of the urodeles 
and anurans, but it may have fibers derived from those of 
the dilatator (medial) muscle (compare position of the septo- 
maxillary and the medial muscle in Bufo marinus). A series 
of developmental stages would help to make this point clearer. 
It plays a part in the opening and closing of the external 
naris during respiration, but there is probably also a mechan- 
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ism ill addition similar to that of the anuraiis, although the 
processes of respiration of this animal have not, to my knowl- 
edge, been worked out. Because of the anterior and external 
position of the bone, it in no way comes into contact with 
the organ of Jacobson. 

Hypogeophis rostratus has also been examined. In this 
animal the septomaxillary is absent; the nasal and pre- 
maxilla are larger and meet each other, walling in the side 
of the skull. There is an external nasal muscle round the 
posterior border of the external naris similar to that de- 
scribed for Ichthyophis. 

The septomaxillary in the reptiles 

For the last fifty years, authors of works on the reptilian 
head (Born, G-aupp, Gunther, Howes and Swinnerton, Osawa, 
W. K. Parker, Schauinsland, and others) have either only 
mentioned this bone or have given no more than a brief 
description of it. No comparative anatomist has, to my 
knowledge, gathered up the facts and considered the bone 
in the reptilian group as a whole, nor has its relation to the 
amphibian septomaxillary been discussed. To do this has 
been my purpose in examining the available specimens (see 
list of material in Introduction) by sectioning and macera- 
tion. Among the reptiles, the bone is found in Sphenodon, in 
lizards, in snakes, in phytosaurs, and in some theromorphs. 
(Kingsley (22) omits the snakes in his list of reptiles pos- 
sessing a septomaxillary, though many authors have de- 
scribed it in this grouxn) 

The most varialde feature of the nasal structure of the 
reptiles is the position of the choanae. They may be far 
forward, with the anterior tips of the vomers lying between 
them, or the choanae of the two aides may approximate. On 
the other hand, this condition may be modifiGd by a medial 
extension of the palatal processes of the premaxillae to form 
a hard palate. The respiratory ducts then pass along the 
roof of the mouth and above the hard palate, and the actual 
choanae are displaced backward to a position behind the 



SEPTOMAXILLAEY OF THE AHUEA AND EEPTILIA. II 411 


posterior edge. If the palatines and pterygoids also meet 
in the middle line in a similar way and cover the vomers and 
sphenethmoids, the choanae are pushed still farther hack. 
In the modern Crocodilia they have been thus displaced back- 
ward to a position near the posterior end of the whole 
cranium. 

With regard to the nasal muscles of reptiles, IIoffmann(16) 
discovered the smooth nasal muscles of the crocodiles with- 
out giving details of their number and arrangement. Bruner 
(6) reports that, as far as the smooth external nasal muscles, 
are concerned, the Crocodilia may be homologized with the 
Salamandridae, because both groups possess a semicircular 
musculus constrictor naris, which is attached in both median 
and lateral directions to the margin of the apertura naris 
cranialis, and also a straight musculus dilatator naris, which 
arises from the posterolateral margin of the apertura and 
is inserted into the posterior border of the nasal opening. 

Among the lizards there exists in the wall of the nasal 
vestibule a tissue composed of smooth-muscle fibers and blood 
sinuses in connective tissue, which may, by increase of muscu- 
lar tension and pressure of the blood, produce a thickening 
of the margin of the naris and thus bring about its closure. 

Among the snakes this cavernous tissue is present in the 
region of the external naris, but there is also a smooth muscu- 
lus subnasalis which arises from the anterior ventrolateral 
border of the septomaxillary and is inserted into the ven- 
tral part of the plica nasalis (figs. 26 and 28). This muscle 
corresponds in form to the musculus medialis (dilatator) 
narium of the urodeles and anurans. 

The septomaxillary of all the reptiles investigated forms 
part of the floor of the nasal cavity. Usually it flanks the 
septum nasi medially and protects Jacobson’s organ to a 
greater or less extent posteriorly; laterally, it may or may 
not form the side wall of the nose. 
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Rhynchocephalia (Sphenodon pimctatus ) 

The septomaxillary of Splieiiodon piiiictatiis was shown by 
the figures of Fuchs (9) to have an almost urodelan relation 
to the other structures in the anterior region of the nose. 
It lies in the neighborhood of the outer vestibule. Fuchs 
described the hone as having an intimate relation with 
the nasal muscle, but I was unable to perceive this muscle 
in any of the series of sections of Sphenodon that I examined 
at Iving’s College, because, perhaps, the fixation of this ma- 
terial was often poor and the stain faded. The bone is a 
small curved structure supporting tlie bottom of the nasal 
cavity. It does not roof in Jacobson’s organ, this function 
lieing taken over by cartilage on which the septomaxillary 
lies (fig. 16). Jacobson’s organ opens medially, and the 
nasolacrimal duct laterally, into the anterior part of the 
choana. 

Lacertilia and Opliidia 

The septomaxillary of the lizards is a flat plate (figs. 17 
to 20) with curving sides. It flanks the septum nasi with 
its medial border, roofs over Jacobson’s organ, and protects 
the side walls of the nasal sac; this lateral border may have 
a dorsal projection directed backward. 

The septomaxillary of the snakes seen from below appears 
as a wedge, the narrow part of Avhich is anterior. The medial 
edge is separated from the nasal septum by connective tissue 
only. The upyan* xsurface of tlie l)one is liollowed to form the 
floor of the nasal sac. Postiulorly, in its broadest ])art, it 
forms another hollow, which functions as a lid to the 
‘vomerine dish’ (figs. 21 to 27). 

The nasal capsules of the lizards and snakes arc very 
similar, although those of the lizards are more lalryrinthic. 
fldieir septomaxillaries differ chiefly in the shape of their 
posterior yiortions. In the snakes this part forms a much 
more extensive, curving roof to Jaco])son’s organ than it 
does in the lizards, where it is little more than a flat plate 
flooring the upper nasal cavity. 
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SUMMARY 

The septomaxillary of the iirodeles is a bone -which arises 
by ossification of the cartilage. In the adults of the less 
specialized members of this group there is an intimate con- 
nection between the bone and the nasal cartilages. In the 
more specialized urodeles it acquires added layers of ‘skin- 
formed’ or membrane bone. Among the aiiurans studied a 
similar intimate relation between the septomaxillary and the 
nasal cartilages has been found. In certain places, e.g., where 
the septomaxillary is in contact with the lamina superior of 
the crista intermedia, these cartilages seem to be continuous 
with the septomaxillary— a fact which further supports the 
view that the septomaxillary arises in cartilage. Among the 
reptiles this continuity is not found, and the septomaxillary 
is apparently of wholly membranous origin, although em- 
bryological investigations may show that there is a basis of 
cartilage bone. 

Among the urodeles the septomaxillary is either a minute 
nodule or a small curved piece of bone in the posterior border 
of the fenestra rostrolateralis, and has intimately connected 
with the nasal muscles and the nasolacrimal duct. Among 
the anurans the septomaxillary becomes slightly folded into 
the nasal capsule to roof in the cavuin medium, and the ex- 
ternal nasal muscles have a lesser function. It is in Kana 
that we find these muscles to resemble most closely the 
urodelan condition ; Eana may therefore be regarded as the 
most primitive aiiuran in this respect. Bruner (7) records 
traces of the nasal muscles in Alytes. The degeneration in 
these forms appears to be correlated with, and accompanied 
by, the development of the septomaxillary as a bony support 
for the plica obliqua. Bufo marinus shows the extreme de- 
velopment of the septomaxillary along one line of evolution; 
the development of the medial (dilatator) muscle, whose 
function is to give tension to the plica obliqua, is determined 
by the form of the septomaxillary which, in Bufo, renders the 
muscle superfluous. The development of the lateral (con- 
strictor) muscle is also influenced in this way. 
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The nasal region of Xenopus is more primitive thap that 
of Bana. Its septomaxillary is a small plate, and there is 
a constrictor muscle, but I could not find any trace of any 
other muscle. 

The septomaxillary of Ichthyophis glutinosus forms the 
side wall to the anterior portion of tlie nasal sac, but it is 
small and does not extend far back. In these features it 
closely resembles the septomaxillary of the higher urodeles, 
although the external nasal muscles are not so well differ- 
entiated. 

Among the reptiles the septomaxillary of Sphenodon 
pnnctatus shows a movement inward, it floors the upper nasal 
cavity, but has no close contact with the nasal septum. It 
also lies above the cartilage which covers Jacobson organ. 
I was unable to find any trace of the external nasal muscles. 

Bruner (6) has described constrictor and dilatator muscles 
for the crocodiles homologous with those of the Salaman- 
dridae. The aquatic mode of life of both these groups and 
their common need for quick closure of the external nares 
when the head is immersed probably account for the simi- 
larity of their nasal musculature, but the absence of the 
septomaxillary in the crocodiles must change the origin of 
the musculus dilatator naris. 

Among the lizards and snakes the septomaxillary roofs in 
Jacobson’s organ replacing the cartilage, and its medial 
border is closely apposed to the nasal septum. In the region 
of tlie external nares in these two groups there is a cavernous 
tissue, composed of smooth-muscle fillers and blood sinuses, 
and the increase of muscular tension and blood irressure in 
this may produce a thickening of the mai’gin and a partial 
closure of the nares. The snakes have, iii addition, a smootli 
musculus subnasalis which is homologous with the musculus 
medialis (dilatator) narium of the urodeles and anurans. 
The following table gives the varying forms of the septo- 
maxillary in relation to the nasal sac in the Amphibia and 
reptiles (the septomaxillary is drawn in black; the nasal 
cartilages are drawn in dots). 
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ABBREVIATIONS 


apertura iiaris extenia (external 
naris). (V-W.), posterior wall 
c., choaiia 

e. a., cartilage alaris 
o.i., cavum inferius 

c. m., eavum mediuin 
G.n,, eavum nasale 
C.O., cartilage obliqua 
c^s.j eavum superiua 

d. nl., ductus nasolacrynialis (naso- 

laerimal duet) 

f. rl., fenestra rostrolaloralis 
f.s.m., fossa subrostralis media 
ffl.iiX, gkndula nasalis lateralis (= ex- 
terna) 

J.g., Jacobson’s gland 

J.O., Jacobson’s organ 

Li., lamina inferior eristae interinediae 


l.n.e., lateral nasal canal 

l.r,, lateral arm of the septomaxillary 

l. n., lamina superior eristae infermediae 

m. m.n., musculus medialis narium 
m.l.n., musculus lateralis narium 

m. r., medial arm of the septomaxillary 

musculus subnasalis 
mx., maxilla 

n. , nasal 

pmx., premaxillii. (/.), facial process 
p.n., plica nasalis 
p.o., plica obliqua 

p.p.s., processus praenasalis superior of 
the eartilago alaris 
p.t., planum tenninalc 
smx., septomaxillary 
s.n., septum nasi. 


PLATE 1 

EXPLANATION OP PJG-URES 

1 Dorsal view of the right septomaxillary of Rana temporaria. X 5b. 

2 Diagram to illustrate the mechanism for closing the external nares in Rana. 

3 Transverse section through the right nasal region of Buna temporaria at 
the posterior border of the external iiari.s. X 2b. 

4 Transverse section posterior to that shown in figure 3; the na.solacrimal 
duct {d.nl.) passes throngli a erevieo in the septomaxillary {sms.) to open into 
tlio Inick of the eavum medium. X 20, 
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PLATE 2 

EXPLANATION OW FIGURES 

5 Transverse section posterior to that shown in figure 4, behind the naris. 
X 20. 

6 Posterior view of the riglit septoinaxillary of Bufo marinus, from a 
reconstruction. X 20. 

7 Transverse section throiigli the right nasal region of Bufo marinus at 
the posterior border of the external naris, showing the septomaxillary projecting 
into the plica obliqua. X 20. 
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Transverse section a little posterior to that shown in figure 11, cutting through A and B (figs. 8 and 10) 
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13 Left septomilxillary of lehthyophis glutinosus from the inner side (after 
P. and P. Sarasin), 

14 Transverse section througli the right anterior nasal region of I. glntinosus; 
the section passes just behind the naris. X 30. 

15 Transverse section posterior to that shown in figure 14. X 30. 
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PLATE 7 





18 Left septomaxillary of G. vittatus, dorsal view of a reconstruction. X 40. 

19 Left septomaxillary of Lacerta muralis, dorsal view. X 20. 

20 Transverse section through the nasal region of L. muralis. X 20. 


427 



5/0 M 

m <? J g 

X K 

43 Pi 

&jD . g 


428 





SBPTOMAXILLARY OB THE ANTJBA AND REPTILIA, II PLATE 9 

ENID OLDHAM I,APAGE 



2o Right aeptomaxillary of Atractis trilinoiitiia, left fh'iiwii in dots, postoi'ioi’ 
view of a reeonsti’uotion. X 40. 

26 Ti-ailsverae section through the region of the extenuil naves of A. 
trilineatus. X 40. 

27 Pransverse section through the nasal region of A. trilineatus posterior 
to the nares. X 40. 
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author’s abstract 

This study deals with the seasonal distribution, of protozoa (February, 1927, to Febru- 
ary, 1928) in correlation with seasonal fluctuations of temperature, hydrogen-ion concentra- 
tion, and the relative amounts of dissolved oxygen and other gases in a small fresh-water 
pond. Twenty-seven species of Sarcodina, thirty-one species of Mastigophora, and 109 species 
of Infusoria were recorded in the surface water of the pond. 

As found especially for Mastigophora and Infusoria, the number of species is inversely 
correlated with the abundance of individuals in the seasonal distribution. 

Higher temperatvires probably accelerated the rate of reproduction, since the seasonal 
maxima for most of the species were recorded in warmer weather. 

Colonial flagellates and Zoochlorellae-bearing ciliates seemed to be favored by higher 
oxygen content, with a simultaneous abundance of volatile acids, especially GOa. Although 
hydrogen-ion concentration was limited between 6.2 and 7.05, it was probably one of the 
factors influencing protozoan distribution, since several species disappeared when the lowest 
pH was recorded. Sunlight is one of the important factors in bringing certain heliotropic 
protozoa to the surface. 

The seasonal maxima of many of the protozoa occurred during September and October, 
1927, when most of the observed physical environments seemed much more favorable than 


in other months. 
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INTEODUOTION 

In considering the distribution of the protozoa, it is a 
familiar fact that they may be found in all parts of the world 
under great variations in climate and other physical con- 

ditions of the environment. This might be expected, since 
they probably appeared on the earth at an early geological 
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age when the environment was different from what it is now, 
and a long evolutionary history has enabled them to become 
adapted to habitats of widely different sorts. However, the 
appearance and disappearance of particular species of pro- 
tozoa in the same locality are usually correlated with seasonal 
changes, which indicates rather definite limitations of the 
optimal environment for them. It is therefore worth while to 
inquire into the question as to what effect changes in the 
physical environment may have on the seasonal distribution 
of protozoa. 

The present study deals with the quantitative and qualita- 
tive analysis of the seasonal distribution of protozoa as af- 
fected by the seasonal fluctuations of temperature, hydrogen- 
ion concentration, and the relative amount of dissolved 
oxygen and other gases in a confined locality represented by 
a fresh-water pond located in the botanical gardens of the 
University of Penns 3 dvania. 

In this investigation the author has been greatly indebted 
to Prof. David H. Wenrich, under whose guidance the present 
study was conducted, and to Prof. J. H. Bodine for many 
thoughtful suggestions offered during the progress of the 
work. He is also indebted to Dr. B. L. King for assistance 
on certain particular points. 

METHODS OF STUDY 
Description of the pond 

As described by Calvert (’26), this artificial pond from 
which the material for study was obtained is oval in shape, 
covering an area of about 378 square meters. It is fed from 
the city water supply of Philadelphia. In warmer parts of 
the year, submerged vegetation of Chara, Blodea,, Potamoge- 
ten, Nymphaea, and other plants attains a prolific growth in 
certain parts of the pond. Of metazoa, vertebrates consist- 
ing of goldfish (Carassius auratus), top-minnow (Gambusia 
affinis), sunfish (Eupomotis gibbosus), and bullfrog (Bana 
catesbiana), and invertebrates consisting of rotifers, ento- 
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mostracaiis, snails, and insect larvae, and other aquatic forms, 
are found in great abundance. Of particular interest here 
is the great number of species as well as individuals of "pro- 
tozoa which are to be found throughout the year, and it was 
to this group alone that attention has been given. 

Collection of samples 

A collecting station was established at a rock-bordered 
projection of the shore where the water was from 50 to 60 
cm. deep. Collections were made at 9 a.m., three to five 
days a week, from February, 1927, to February, 1928. The 
water samples were always taken within a depth of 10 to 
12 cm. beneath the surface. All floating masses were avoided 
in making collections, so that only planktonic samples were 
taken. Two liters of the water were procured in a porcelain 
pitcher for protozoological examinations. The samples for 
chemical tests were collected in a pyrex-glass flask, which 
was immediately tightly stoppered. Both the air temiiera- 
ture and water temperature were taken and recorded. The 
conditions of the weather were also briefly noted. 

Chemical tests 

The oxygen content of the water was determined by the 
micro-Winkler method given by Birge and Juday ( Tl, ’22). 

The hydrogen-ion concentration, expressed as pH value, 
was determined colorimetrically, at room temperature (23®C. 
to 25°G.) immediately after collections, using di-bromo-ortlio- 
cresol-sulphon-phthalein, di-bromo-thymol-sulphon-phthaloin, 
phenol-sulphon-phthalein, and ortho-cresol-sulphon-i)hthalein 
as indicators. 

After the pH of the fresh sample was taken, the rest of 
the pond water in a bottle was boiled for ten minutes and the 
pH taken again at room temperature after cooling. The 
difference between the pH of the fresh sample and that after 
boiling was assumed to be the result of the loss of volatile 
acids, such as CO 2 , H 2 S, and traces of others, which had been 
previously dissolved in the sample under natural conditions. 
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By this method the data were obtained by which seasonal 
variations of the relative amount of these gases present in 
the water could be approximately determined. 

Quantitative determination of protozoan distribution 

For quantitative determination of the protozoan popula- 
tion, the Sedgwick-Eafter method (Whipple, ’27) was em- 
ployed. In every case 500 cc. of water sample was filtered 
through a layer of sand in a graduated cylindrical funnel. 
The detained animals were washed from the sand and, after 
separating the concentrate from the sand by decantation, 
some of it was introduced into a counting cell. With the aid 
of an ocular disk ruled into squares, all the species of protozoa 
were enumerated in twenty squares, and from the resulting 
value the number of each species present in 1 cc. of a sample 
was computed. 

In the operation of this method, many delicate protozoa 
were often observed to be undergoing disintegration or de- 
formation in the counting cell. In order to check discrepan- 
cies arising from such losses, enumerations of the protozoan 
population were also made from another sample of a meas- 
ured quantity which had been concentrated by ordinary 
filtration with filter-paper. 

Arrangement of data 

All the information thus gained for each day was entered 
in one record sheet, and at the end of the work the daily notes 
were combined into results by weeks. In taking the weekly 
average, standard deviation of the individual numbers for 
each species was made. 

Finally, the weekly changes in physical environment and in 
protozoan population were arranged into a large table, where 
the results were conveniently available for further study and 
analysis. Since this table is about 32 inches in width and 
68 inches in length, it is too cumbersome to be published. 
Therefore, a list is made of all observed species with brief 
notes on their distribution. Like the data on physical en- 
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viroiiment, those for species of particular interest are repre- 
sented by graphs. 


OBSERVATIONS 


A. List of protozoa observed, with notes on their seasonal 

distribution 


Sarcodina : 


Aetiiioplirys sol Elir. : very rare, July 4 to 24 and September 19 to 25. 

Aetiiiosphaerium eichhornii Elir. : number small, occasionally in all seasons j 
maximum, September 5 to 11. 

Amoeba discoides Scliaef. : number small, May 30 to June 24 and September 
5 to November 27 ; maximum, October 10 to 1C. 

Amoeba guttula Duj.; very I’are, September 19 to 23 and January 1C to 22. 

Amoeba limax Duj.; very rare. May 30 to June 5. 

Amoeba polypodia Seliulze : see chart 3, graidi 2. 

Amoeba striata Penard; very rare, October 3 to 1C, 

Amoeba verrucosa Ehr.: very rare, July 18 to 31. 

Arcella discoides Ehr.: .01 to .22 i)cr ce.. May 30 to October 30; maximum, 
August 1 to 14. 

Arcella vulgaris Ehr. : number small, July 18 to Octolxjr l(i. 

Centropyxia aeuleata Stein: number small, June C to November 0. 

Centropyxis eeornis Leidy: number small, occasionally in spring and summer, 

Clathrulina elegans Cienk. : .02 to .24 per ec., September 5 to October 9 
and November 7 to 13; maximum, September 12 to 18. 

Dactylosphaerium radiosum (Ehr.) : number small, April 11 to 17, July 18 
to 31, and November 7 to 13. 

Difflugia acuminata Ehr.: very rare, occasionally in spring and early fall. 

Difflugia constricta Ehr.: number snuill, March 21 to April 3 and June C 
to July 10; maximum, June 13 to 19. 

Pifflugia corona Wall.: .008 to .130 per cc.. May 23 to June 20 and July 25 
to December 11, 

Difflugia lobostoma Eeidy: see chart 3, grjipli 1. 

Difflugia pyriforinis Perty: same .as D. ncuminata,. 

Euglypha alveolata, Duj.: .008 to .140 p(3r cc., March 14 to July 17; 
maximum, April 18 to 24. 

Gromia fluviatilis Du;].: ,01 to .52 p<'.r cc., May 0 to 22, July 25 to 31, and 
September 12 to October 2; maximmn, Sejd'.erabor 20 to Octolau' 2, 

Nebela collaris Leidy: very rare, June 0 to 12. 

Nebela dentistoma Penard: see chart 3, graph 3. 

Nuclearia simplex Cienk.: very rare, June 13 to 19 and January 9 to 15. 

Pamphagus hyalinus Ehr.: very rare, January 23 to 29. 

Eaphidiophrys elegans H. and L. : number small, occasionally in all seasons; 
maximum, September 12 to 18. 

Vampyrella sp.?: very rare, Eebruary 14 to 20, March 14 to 20, and May 30 
to June 5. 
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Mastigophora ; 

Clilamydomonas pulviculus Ehr. : .3 to 10.0 per cc., February 7 to April 17 
and January 2 to February 5; maximum, February 28 to Marcli 6. 

Cryptomonas erosa Ehr. : .008 to .220 per ce., occasionally in all seasons ; 
maximum, January 9 to 15. 

Dihobryon sertularia Ehr.: see chart 5, graph lA. 

Entosiphon auleatus Stein: number small, March 14 to 27. 

Eudorina elegans Ehr. ; see chart 5, graph 2B. 

Euglena aeus Ehr.: very rare, May 3 to 29. 

Euglena desea Ehr.: number small, occasionally in March 28 to October 23; 
maximum, July 11 to 17. 

Euglena mutabilis Schmitz : very rare, May 9 to 29. 

Euglena oxyuria Sehmarda: very rare, July 25 to August 7. 

Euglena terrieola Duj.: very rare, July 25 to 31. 

Euglena viridis Ehr.; see chart 4, graph 1. 

Glenodinium einetum Ehr.; see chart 5, graph 2A. 

Gonium peetorale Mull.: .02 to 2.0 per ee., February 7 to May 8 and 
August 22 to February 5; maximum, November 28 to December 4. 

Gymnodinium aeroginosum Stein: number small, March 21 to April 17. 

Heteronema acus Ehr.: very rare, July 11 to 17. 

Leptoeinelis ovum Ehr.; .008 to .150 per ce., March 7 to June 5 and July 4 
to August 14 ; maximum, April 18 to 24, 

Menoidium pellucidum Perty: number small, April 4 to 24, July 18 to 31, 
August 22 to 28, and September 22 to 28. 

Notosolenus orbicularis Stokes: rare, March 7 to 20 and April 11 to 17. 

Pandorina morum B. de S. V. : number small, occasionally in spring and fall. 

Peranema trichophorum Ehr. : .004 to .110 per cc., March 22 to 27, May 30 
to August 21, and September 5 to October 23; maximum, September 26 
to October 2. 

Peridinium cinctum Ehr.: see chart 5, graph IB. 

Petalomonas mediocanellata Stein: very rare, March 7 to 13. 

Phacus alata Klebs: very rare, July 18 to 24. 

Phaeus anacoelus Stokes: .01 to .38 per cc., July 18 to October 30. 

Phacus longieaudatus Ehr.; .004 to .660 per ee., March 14 to 20, April 11 
to May 8, May 30 to July 3, and July 11 to October 16; maximum, 
July 25 to 31. 

Pliaeus pleuronectes Nitze: see chart 4, graph 3. 

Synura uvella Ehr,: see chart 5, graph 3. 

Traehelomonas armatus Ehr.: .008 to .170 per cc., April 18 to July 3 and 
July 25 to October 9; maximum, June 13 to 19. 

Traehelomonas hispida Stein: see chart 4, graph 2. 

Traehelomonas ureeolata Stokes: number small, occasionally in July IS 'to 
October 9. 

IJroglena americana Calkins: .01 to 3.80 per cc., April 25 to May 22; 
maximum. May 9 to 15, 
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Infusoria : 

Acixieta fluviatilis Stokes: rare, August 22 to 28, 

Aetiiiobolus radians Stein: .01 to 1.30 per oe,, May 0 to Id, .luly 18 to 
August 7, and August 22 to September I; ma.N:iinuin, May 1) to lo. 

Ampliileptus sp.?: rare, August 15 to 21 and Noveinlxir 21 to 27. 

Araclmidinm bipartitmn From.: see chart 0, graph 5B, 

Araclmidium globosuin Kent: number small, oeeasionally in summer. 

Askenasia elcgans Bloeli. : .008 to 4.6 per ec., Jime 20 to November 0; 
maximum, July 4 to 10. 

Aspidisca costata Duj.: see chart 7, graph 2. 

Aspidiaea turrita C. and L.: number small, January 10 to 20. 

Campanella sp.'?; see chart 7, graph 3. 

Garchesium polypinum Linn.: rare, February 7 to 13. 

Chaenia teres Duj.: very rai'c, January 0 to 15. 

Chilodon caudatus Stokes; rare, July 18 to 24. 

Cliilodon cucullulus Mull. : .08 to 1.6 per ec., March 7 to April 3, May 2 
to 8, May 30 to Jvine 5, October 24 to 30, November 14 to De(!eml)er IS, 
and January 2 to 8 ; maximum, M'areh 14 to 20. 

Chilodon megalotrochae Stokes: rare, May 2 to 8. 

Chilodon vorax Stokes: .01 to .40 per ec., May 30 to June 5 and September 
19 to October 23, 

Cinetocliilum margaritaceum Ehr. : .08 to 3.0 per ce., April 4 to Deceml)cr 4 
and January 9 to February 5 ; maximum, October 3 to 9. 

Coleps elongatus Ehr.: .03 to 11.2 per cc., January 2 to Feln’uary 5; maxi- 
mum, January 30 to February 5. 

Coleps hirtus Nitzsch: see chart 6, graph 1. 

Colpoda eampylu Stokes : .007 to 1.9 per cc., Juno 13 to 26, October 10 to 
November 13, and December 12 to Jaiimary 22; maxiimnu, October 10 to 16. 

Colpoda cucullulus Ehr.: rare, February 7 to 27 and April 18 to 24. 

Craspedonotus vormicnlaris (Kahl) : .008 to .9 per ce., April 25 to May 1, 
September 26 to October 2, October 24 to 30, and November 14 to 
December 18; maximum, April 25 to May 1. 

Cyclidium glaucoma Ehr,: see chart 6, graph 4B. 

Oyclotriehium verualis Wenricli: .02 to 10.7 pm- cc., Api-ll 25 to May 22; 
maxiimun, May 9 to 15. 

Dallasia frontata Stokes : rare, March 7 to 20, Septciiuber 5 to October 9, 
and Noveudxer 7 to 13. 

Dexiotrlcha plagia Stokes; rare, July 18 to 24, 

Didinium nasutum Mull.: see chart 8, graph B. 

Dileptus gigas C. and L. : .07 to 2.1 per ec., July 11 to August 21, October 
3 to 9, November 7 to 27, and January 2 to 22; maximum, Noveml)ev 14 
to 20. 

Enchelys sp.?: number small, May 30 to June 10. 

Epistylis plieatalis Ehr.; rare, September 5 to 18. 

Euplotes Charon Mull,: number small, November 7 to December II. 

Euplotes patella Ehr. : see chart 7, graph IB. 

Euplotes plumipes Stokes: .008 to 1.4 per cc., July 4 to November 20; 
maximum, October 24 to 30. 
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Infusoria (continued) ; 

Frontonia acuminata C. and L. : see chart 6, graph 4A. 

Prontonia leucas C. and L. : .008 to .8 per ee., March 14 to April 17, June 
30 to 26, August 8 to 14, August 29 to October 30, and January 2 to 
February 5 ; maximum, October 3 to 9. 

Glaucoma seintillans Ehr. : rare, November 14 to 20. 

Halteria grandinella Mull. : see chart 6, .graph 2. 

Histrio erethisticus Stokes; number small, April 18 to 24, June 13 to July 3, 
and November 14 to 20. 

Holophrya gargamella F. F. : see chart 6, graph 3A. 

Holophrya kessleria Mereschk: see chart 6, graph 3B. 

Holophrya sp.?: .1 to 6.3 per ec., April 18 to June 5, July 18 to August 14, 
and January 16 to 22; maximum, April 25 to May 1. 

Holostieha vernalis Stokes: number small, June 27 to July 17, October 17 
to 23, December 5 to 11, and December 26 to January 1. 

Kerona pedieulus Mull. : rare, March 14 to 20 and October 17 to 23. 

Lacrymaria phyalina Svec.: .2 to 1.9 per ec., occasionally in spring and 
summer; maximum, April 18 to 24. 

Lagynus elegans Sehew. : very rare, May 30 to June 5. 

Lembadion bullinum Pertj': .01 to 25.0 per ec., March 21 to 27, April 18 to 
May 8, and August 15 to October 30. 

Lionotus fasciola Wrze. : .07 to 2.9 per ec., occasionally in February, April, 
and January, frequently in May 16 to November 13; maximum, October 3 
to 9. 

Lionotus pleurosigma Stokes: .004 to 1.2 per ee., occasionally in May 30 
to July 10, frequently in October 3 to November 27 ; maximum, October 31 
to November 6. 

Lionotus ■wrzesniowskii Kent: .07 to 2.1 per ec., March 21 to 27, April 18 
to May 1, May 23 to June 5, and August 8 to November 20 ; maximum, 
October 3 to 9. 

Loxodes rostrum Mull: .01 to 1.2 per ce., August 15 to November 20; 
maximum, October 10 to 16. 

Loxophyllum lamella Ehr.: number small, occasionally in September, October, 
and January. 

Loxophyllum meleagris Ehr.; number small, March 14 to 20, May 16 to 24, 
and August 1 to October 16. 

Monodinium balbianii P. D. ; .8 to 9.3 per ce., April IS to May 15; maximum, 
April 25 to May 1. 

Opercularia berberina Linn.: rare, September 19 to 25. 

Opereiilaria stenostoma Stein: .68 per cc., April 4 to 10. 

Ophrydium versitale Mull.: rare, April 11 to 17. 

Oxytricha bifaria Stokes: .004 to .5 per cc.. May 23 to June 5, and occa- 
sionally in October 24 to January 1; maximum, May 30 to June 5. 

Oxytricha fallax Stein: rare, June 20 to 26 and January 9 to 22. 

Oxytricha pellionella Mull.; see chart 7, graph lA. 

Oxytricha platystoma Ehr.: .008 to 3.4 per cc., August 1 to September 25; 
maximum, September 12 to 18. 

Paramecium aurelia Mull.: rare, June 27 to July 3 and October 17 to 23. 
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Infusoria, (continued) : 

Paramecium bursaria (Pocke) : sec chart t), graph 5A. 

Paramecium caudatum Ehr. : see chart 8, graph A. 

Paramecium triehium Stokes: .008 to .16 per ce., April 18 to 24, May 16 
to June 5, June 27 to July 10, August 15 to 21, August 29 to September 
11, and occasionally in October to Eebruary; maximum. May 23 to 29. 

Phascolodon vortieella Stein; rare, May 2 to 8 and 16 to 22. 

Plagiopyla nasuta Stein: rare, October 3 to 9. . 

Pleuronema chrysalis Ehr.: .01 to .2 per ce., January 9 to 22. 

Pleurotricha lanceolata Ehr.: number small, February 7 to 13 and January 
2 to 22. 

Prorodon griseus C. and L. : .08 to 6.4 per cc., March 7 to 20, April 4 to 
May 8, May 16 to 22, June 6 to 12, and July 4 to October 2; maximum, 
July 25 to 31. 

Prorodon margaritifera (?) C. and L.; .1 to 1.7 per cc., July 11 to 
August 14; maximum, August 1 to 7. 

Rhabdostyla invaginata Stokes: .24 to 8.6 per ce.. May 30 to July 3; 
maximum, Juno 20 to 26. 

Rhabdostyla vernalis Stokes: 2.2 per cc., June 13 to 19. 

Spirostomum ambiguum Ehr,: very rare. May 9 to 15. 

Sph'oatomum teres 0. and L. : ,01 to 2.5 per cc., July 25 to October 30; 
maximum, September 5 to 11. 

Stentor amethystinus Leidy: .004 to .5 per cc., February 21 to 27 and 
January 2 to February 5; maximum, Jairuary 16 to 22. 

Stentor barretti Barrett.; .008 to 2.4 per cc., August 1 to December 18; 
maximum, November 14 to 20. 

Stentor coerulcus Ehr.; .008 to 4.2 per cc., July 25 to November 6; maximum, 
September 5 to 11. 

Stentor igneus Ehr.: .01 to 2.4 per ce., July 4 to September 11; maximum, 
August 1 to 7. 

Stentor polymorphus Mull.: .008 to 1.1 per cc., occasionally in February 
to Aug;uat and January, frequently in September 5 to December 18; 
maximum. May 23 to 29. 

Stentor roseus From.: .008 to .8 per cc., March 7 to May 1 and Novemljor 21 
to February 5; maximum, January 30 to Fcbru.'iry 5. 

Stichotricha secunda Forty: rare. May 30 to June 5, June 27 to July 3, 
and August 8 to 14. 

Strombidium. claparSdii Kent: see chart 6, graph 6A. 

Strombidium viridis Stein: .008 to 2.2 per cc., February 7 to May 15 
and December 19 to January 29; maximum, February 28 to March 6, 

Strombilidium gyrans Stokes: .07 to 13,4 per cc., frequently in all seasons 
except January 9 to February 5; maximum, October 3 to 9. 

Stylonychia mytilis Mull.: ,008 to .24 per ce., March 21 to 27, May 16 
to June 5, June 20 to July 10, September 25 to November 13, and 
January 9 to 29; maximum. May 23 to 29. 

Stylonychia notophora Stokes: .02 to 1.3 per cc.. May 23 to June 5 and 
July 11 to 17; maximum. May 23 to 29. 
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Infusoria (continued) : 

Stylonycliia pustulata Ehr. : .004 to 1.3 per ec., February 7 to 27, May 23 to 
June 5, June 20 to July 10, October 24 to November 13, and January 
9 to February 5; maximum, January 16 to 20. 

Tachysoma parvistyla Stokes : .002 to .6 per cc., occasionally in spring, 
frequently in November 7 to February 5. 

Teuthophrys trisulca G. and B. : see chart 6, graph 7. 

Thuricola valvata Wright: rare, September 26 to October 2. 

Traehelius ovum Ehr.: number small, occasionally in spring and fall. 

Trachelius subtilis Penard: .1 to 2.1 per cc., March 14 to 26, May 2 to 15, 
May 30 to June 5, July 4 to October 16, and October 31 to December 11; 
maximum, September 19 to 25. 

Trichodina sp.?: rare, April 11 to 17, May 1 to 15, and July 11 to 17. 

Ilrocentrum turbo Mull.: see chart 6, graph 6B. 

Uroleptus dispar Stokes: .007 to .6 per cc., May 23 to June 5, July 4 
to August 21, and November 21 to December 18. 

Uroleptus longieaudatus Stokes: number small, occasionally in June and 
J uly. 

Uroleptus museulus Mull.: number small, occasionally in March, June, 
October, and December. 

Uroleptus piseis Mull. : .005 to .6 per ec., February 7 to 20, July 18 to 
August 21, and October 24 to December 11; maximum, November 28 
to December 4. 

Urostyla grandis Ehr.: rare, occasionally in September 5 to January 22. 

Vaginieola crystallina Ehr.: rare. May 30 to June 5 and June 27 to July 3. 

Vaginieola leptosoma Stokes: .008 to 1.2 per cc., occasionally in March 21 
to July 17 and September 26 to October 30; maximum. May 2 to 8. 

Vaginieola longicollis But.: number small, March 21 to April 3. 

Yorticella aperta Prom.; rare, March 28 to April 3. 

Vorticella campanula Ehr.: .08 to 18 per cc., frequently in March 28 to 
November 27 ; maximum, June 20 to 26. 

Vorticella crassieaulis Kent: .3 to 2.1 per ec., Pebruaiy 7 to March 13 and 
March 28 to April 17 ; maximum, March 28 to April 3. 

Vorticella microstoma Ehr.; .4 to 2.1 per cc.. May 30 to July 17 and 
November 7 to 13; maximum, Jtine 20 to 26. 

Vorticella nebulifera Ehr.: .08 to 3.3 per cc., frequently in April 25 to 
November 20, traces in January 2 to February 5. 

Vorticella nutans Mull.: rare, April 11 to 17. 

Zoothamnium aselli C. and L.: rare, January 23 to 29. 

Zoothamnium simplex Kent: rare, February 7 to 13 and June 20 to 26. 

B. Observations on the physical environment 

The following presentation of observed data involves only 
a part of the extrinsic factors related to the seasonal dis- 
tribution of protozoa. Intrinsic factors have not been dealt 
with. As a result of the reproductive activities, protozoan 
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life is primarily cyclical in character, so that the seasonal 
appearance and disappearance of a species may not be en- 
tirely cine to the changes of the external environment. In 
other words, the activities of a protozoan cell at any time 
must be recognized as a resultant of the entire series of 
factors which operate simultaneously inside as well as outside 
of the animal. 

For convenience, each of the environmental factors studied 
will be considered separately, but in pointing out the cor- 
relations between changes in any factor and the variations 
in numbers of the protozoa, it is always recognized that no 
one factor is necessarily acting alone. 

Temperature. The data for seasonal variations in the 
factors of the physical environment are entered in chart 1. 
Graph 1 illustrates the variations in temperature. As the 
graphs show, the air and water temperatures are never ex- 
actly the same, but the differences are slight, varying between 
0.1°C. (August 29th to September 4th) and 3.6°C. (December 
5th to 11th). The way in which the fluctuations of water 
temperatures are directly influenced by those of the air is, 
however, fairly well indicated. It should be noted that the 
data on observed air temperature have been compared with 
the mean daily temperatures obtained from the U. S. Weather 
Bureau in Philadelphia. These parallel one another very 
closely, with an average dillerence of less than 2°G. Since 
my data on the observed thermal changes were made at 9 a.m, 
in every case, it would seem that the air temperature of that 
particular time of the day may rather safely represent the 
daily mean temperature. 

The seasonal range of temperature is from -3.5“C. to 
26.3° C. for air and 1.1° C. to 25.9° 0. for water. Both of the 
lowest temperatures were recorded in the week of January 
30th to February 5th and those of the highest were observed 
during the week of July 11th to 17th. The thermal changes 
fluctuated rather regularly in most parts of the year. In 
the week of March 14th to 20th there was an unusual increase 
of temperature of approximately 6°C. above that of the pre- 
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ceding and succeeding weeks. Similar unexpected changes 
in temperature were also recorded for five successive weeks 
from November 14tli to December 18th. 

Oxygen content. As was to be expected, the graph for dis- 
solved oxygen (graph 2, chart 1) runs, as a whole, in an op- 
posite direction to those for temperature. It shows that, in 
late summer and early fall, the water contains less oxygen 
and the amount tends to increase gradually as the tempera- 
ture decreases. This accords with the known fact that the 
amount of dissolved gases in water is inversely proportional 
to the temperature. Direct correlations may be noted in 
several instances. In July 11th to 17th, when the temperature 
reached the highest in the year, the oxygen content dropped 
to its minimum. In March 14th to 20th, a sudden increase of 
temperature is associated with a correspondingly marked 
depletion in oxygen content. The highest oxygen content 
was recorded in the weeks of December 19th to 25tli and 
January 2nd to 8th, when the thermal range was very low. 

It is generally accepted that water at 0°C. may hold 10.29 
cc. of oxygen per liter, as against 6.57 cc. at 20° C. On the 
other hand, the data on the observed amount of oxygen in 
this pond cover a very wide seasonal range from 2.3 cc. to 
15.3 cc, per liter. This leads us to believe that there are causal 
factors other than temperature for the concentration of dis- 
solved oxyg'en. The excessive amounts are probably due to 
the photosynthetic process of the green plants. It is of inter- 
est to note that the readings on oxygen content taken on 
cloudy or rainy days were usually lower than those made on 
sunny days regardless of the slight changes in temperature. 
The presence of large numbers of oxygen-consuming organ- 
isms in the pond during the late summer and early fall may 
have diminished the oxygen content to a certain extent beyond 
the limits set by the thermal changes. 

Hydrogen-ion concentration. The hydrogen-ion concentra- 
tion of the pond water is fairly constant throughout the year, 
with a narrow range of pH between 6.2 and 7.05 (graph 3, 
chart 1). In spite of its small fluctuations, the pH change 
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Chart 1 Seasonal variations of physical environments. Graph lA, water 
temperature; IB, air temperature, centigrade scale. Graph 2, oxygen content 
in cubic centimeters per liter. Graph 3, pH value. Graph 4, relative amounts 
of volatile acids, ordinates showing degree of difference between the pH of fresh 
sample and that after boiling. 
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is indirectly correlated with the seasonal changes of tem- 
perature. It will be noted that the readings of high pH are 
usually found at higher temperature and those of low pH 
at lower temperature. 

Volatile acids. As in the case of oxygen, the graph (graph 
4, chart 1) for the degree of difference between the pH of 
the fresh sample and that after boiling tends to run in a 
reverse manner in comparison with the temperature. As pre- 
viously noted (pp. 434, 435), this operation was undertaken in 
order to determine the relative amounts of volatile acids 
dissolved in the water. The results again are in accoi’dance 
with the common rule that the lower the temperature of 
water, the larger the amount of gas which will dissolve, and 
vice versa. 

Of the volatile acids, carbonic-acid gas probably repre- 
sents the greatest proportion. The presence of hydrogen 
sulphide was often confirmed by its peculiar odor. Traces 
of other volatile acids, winch may lower the pH value prob- 
ably also occur in this pond. 

Correlations between the pH changes and the relative 
amount of volatile acids in water are well illustrated in the 
weeks of March 14th to 20th, July 25th to 31st, and October 
31st to November 13th. But this relation, as a whole, did 
not hold at all times, since the range of seasonal variation of 
the difference between the two pH readings may be several 
times as great as the range of the original pH of the fresh 
sample (graphs 3, 4, chart 1). It seems possible that the 
pond water also contained a certain amount of dissolved 
carbonates of calcium or magnesium acting naturally as 
buffers to keep the pH approximately constant, even if the 
quantitative changes of the dissolved acids in water are 
large. 

C. Seasonal distribution of protozoa according to groups 

In chart 2 three graphs illustrate the seasonal distribution 
of Sarcodina, Mastigophora, and Infusoria, respectively. In 
comparing these graphs mth the number of species in the 
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list, one will easily understand tlie nature of tlie relative 
abundance and diversity as represented by these three forms. 
In the Sarcodina, only twenty-seven species have been ob- 
served, and the total number of individuals of various species 
is likewise small, with the highest population just over 
thirteen per cubic centimeter. Of Mastigophora, thirty-one 
species were found, while the number of individuals was the 
greatest among the groups. With 10.9 species, the Infusoria 
show the greatest diversity, but the maximum abundance of 
the total individuals per cubic centimeter is only 921 as 
against 1331 in the case of the Mastigophora. 

Sarcodina. Most of the Sarcodina are creeping organisms 
and usually inhabit the bottom of the pond. It is not sur- 
prising that the number of both species and individuals is 
very limited, since the collections were made from the sur- 
face water. As the data stand, however, their seasonal popu- 
lation fluctuated in a manner similar to the other forms. The 
numbers tended to increase as the temperature rose in the 
spring and decreased in the fall as the temperature dropped. 
Including two well-defined maxima, the period of greatest 
abundance of Sarcodina occurred between August 1st and 
October 16th, when the ranges of their physical environments 
are: temperature, 16.7°C. to 22.4°0.; oxygen content, 3.05 to 
7.76 cc. per liter; pH, 6.6 to 6.88, and a low amount of volatile 
acids (compare with chart 1). 

Mastigophora. In considering the seasonal variation in 
the population of Mastigophora, one will notice the rough- 
ness of the graph represented in chart 2. As will l)e discussed 
later, each of the outstanding peaks in tlie graph is due to 
a rapid increase in individuals of certain species. The maxi- 
mum abundance of Dinobryon sertularia, Eudorina elegans, 
Peridinium cinetum, and Glenodinium cinctum occurring at 
various times of the year is the main factor in producing the 
irregularities in the graph (compare with graphs lA, IB, 
2A, 2B, chart 4). Thus the two largest maxima of popula- 
tion of Mastigophora, one in winter (February 14th to 22nd) 
and another in late summer (August 22nd to 28th) resulted 
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from the great numbers of Dinobryon sertularia and Peri- 
dininm cinctnm, respectively. It will be understood, then, 
that the Mastigophora were primarily represented by two 



Chfirt 2 Showing the seasonal distribution, of Sareodina (graph 1), Masti- 
gophora (graph 2), and Infusoria (graph 3). Ordinates indicate the number of 
animals per cubic centimeter. 
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different forms which were favored by environments of ex- 
tremely divergent sorts. Therefore, it seems impossible to 
determine in any adequate wniy the relation of the whole 
group to the changes of their surroundings. 

Infusoria. The graph for the seasonal distribution of In- 
fusoria is less irregular than the graphs for Sarcodina and 
Mastigophora. As with the Sareodina, the seasonal varia- 
tions in the population of Infusoria are well correlated with 
the fluctuations of temperature. On the other hand, there 
is only one maximum for the Infusoria found ])etweeii Sep- 
tember 12th and 25tli, when the temperature was not the 
highest. If high numbers of Infusoria are correlated with 
high temperature, then there is a lag in the effect on the 
population, since the highest temperature was recorded sev- 
eral weeks before September 12tli. (A similar lag may be 
true for Sareodina and dinotlagellates.) 

Since the Infusoria are represented by the greatest number 
of species and since individual species require different opti- 
mal ranges in the physical environment, it is difficult to es- 
tablish correlations between the latter and the whole group. 
At best, it may be pointed out that, excluding the case of 
the weeks, June 20th to 26th and August 29th to September 
4th, the individual numbers of Infusoria were over 500 per 
cubic centimeter from July 25th to October 16th, wlien the 
fluctuations of physical environment were: temperature, 
16.7°C. to 25.8°C.; oxygen content, 2.77 to 7.6 cc. per liter; 
pH, 6,6 to 7,05, and lower amount of volatile acids, 

JJ. Gortidation bePween temperature and the seasonat 
distribuMon of protozoa 

Sareodina. The majority of the species of Sareodina 
studied have wide ranges of toleration for thermal changes 
and, therefore, may be grouped as eurythermal animals. The 
quantitative analysis indicates, however, that they tend to 
thrive better in warmer water than in colder, at least as they 
appear in the surface water. 
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The various species of Amoeba were never found in ex- 
tremely cold water, except in the case of A. guttula (January 
16th to 22nd). The frequent occurrence of A. polypodia 
(graph 2, chart 3) from May 30th to October 30tli exhibits 
an interesting correlation with the optimal range of tem- 
perature. It lives within the thermal range of 12° C. to 25° G,, 
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Chart 3 Showing the seasonal distribution of Difllugia lobostoina (graph 1), 
Amoeba polypodia (graph 2), and Nebela dentistoma (graph 3). Ordinates 
indicate the number of animals per cubic centimeter. 


with its maximum abundance under 19.3°C., and it should be 
thus considered as stenothermal, rather than eurythermal. 

The seasonal distribution of Difflugia lobostoma (graph 1, 
chart 3) showed a gradual increase of population toward the 
higher temperatures. Immediately after the highest tem- 
perature in the latter part of July, the population of D. 
lobostoma reached its maximum in the week of August 1st 
to 7th. A long-continued minor abundance (a short one in 
the week of July 11th to 17th) from September 26th to 
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October 13th is probably correlated with the iiiiiisually high 
temperatures in October, 1927. Other Q'estacea, like species 
of Arcella and Centropyxis and Eiiglypha alveolata, also 
tend to be more abundant in the higher temperatures. 

Nebela dentistoma (graph 3, chart 3) seems to be favored 
by cold water, since it appeared between 1.1° G. to 21° 0. and 
has never been observed during summer. There were, how- 
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ever, two maxima for this species at quite ditTerent tempera- 
tures, one at 18.1° C. and another at 10.2° G. 

Mastigophora. The optimum range of temperature for 
individual species of Mastigophora is as varied as in the case 
of Sarcodina. Euglena viridis (graph 1, chart 4), as ob- 
served in all parts of the year, may live within the thermal 
range between 1.1° C. and 25.9°G. Three unequal maxima for 
B. viridis were found in the latter parts of spring, summer, 
and autumn, and the temperature for these was 12°G., 22.1°G., 
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and 18.6 °C., respectively. The population in winter was ex- 
ceedingly small. In the week of March 14th to 20th, when 
the temperature suddenly increased, there was a correspond- 
ing increase in individuals of E. viridis. Such correlations 
are, however, not found in other parts of the year, so that 
there are doubtless factors other than temperature that 
govern the distribution of this’ particular species. 

Like E. viridis, Peridinium cinctum and Grlenodinium cinc- 
tum represent the same eurythermal type in regard to their 
distribution. On comparing the graphs (graphs IB, 2A, 
chart 5) for their seasonal variations with those for the 
fluctuations of temperature, one will notice that the indi- 
viduals of P. cinctum were constantly over 300 per cubic 
centimeter at temperatures from 20.1° C. to 25° C. and those 
of Grlenodinium cinctum were ovM’ 200 per cubic centimeter 
between 12°C. and 19.1°C. 

The occurrence of Trachelomonas hispida (graph 2, chart 
4) in winter is discontinuous and the number represented is 
also small. The individuals increased from early spring to 
the middle part of June, and a well-defined maximum was 
found in autumn. On this account, T. hispida seems to be 
favored by warm water. But this species disappeared in 
July, when the temperature of water was the highest. 

In contrast with the Sarcodina, there are many stenother- 
mal species among the Mastigopliora. The temperature rela- 
tions of Phacus pleuronectes, P. longicaudatus, and P. ana- 
coelus are quite limited and similar among themselves. The 
thermal ranges for them were 12°C. to-25.9°C. for P. pleuro- 
nectes (graph 3, chart 4), 11.4°C. to 25.9°G. for P. longi- 
caudatus, and 12° C. to 24.3° C: for P. anacoelus. It is worth 
while to note that P. longicaudatus appeared as early as the 
week of March 14th to 20th, accompanied by unusually liig*h 
temperatures reaching to 13° C., but it immediately disap- 
peared for three successive weeks when the temperature fell 
below 10°C., and reappeared when the temperature rose to 
11.4° C. Other thermophilic flagellates are Trachelomonas 
armatus, T. urceolata, and Leptocinclis ovum. 
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Among the psyclirophilic flagellates, Dinobryon sertiilaria, 
Synura iivella, Goniiim pectorale, and Olilamydomoiias pulvi- 
cailiis need special mention. Synura nvella (graph d, chart 
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Chart 5 Showing the seiia()ua.l distrilmtion of certain colonial and dino- 
flagollates. Graph lA, Dinohryon sertularia. Graph IB, I'eridiniran cinctuni. 
Graph 2A, Glenodiniuin einetum. Graph 2B, Eudoriua, olegaaiH. Graph 3, 
Synura uvella,. Ordinates indicate the numher of aniiiuilB p(n’ cubic centimeter. 


5) and Gronium pectorale, with their largest population in 
cold water, were not observed at all when the temperature 
was above 21 °C. The occurrence of Dinobryon sertularia 
(graph lA, chart 5) was limited to temperatures below 18° C., 
with its maximum abundance at a temperature of 4.1°C. 
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Witliiii a rather narrow thermal range to 13.2°0.)j 

Ghlamydomonas pnlvicnlus represents an extreme case of 
psychrophilic distribution. 

Uroglena americana and Eudorina elegans (graph 2B, 
chart 5) presented a short period of occurrence, but with 
enormous numbers in the spring, when the temperature was 
neither high nor low, but changing from lower to higher. 
These flagellates cannot be designated as either thermophylic 
or psychrophylic, but they are definitely stenothermic. 

Infusoria. Strombilidium gyrans, Frontonia acuminata, 
Coleps hirtus, Ohilodon cucullulus, Dileptus gigas, Lionotus 
fasciola, Ginetochilum margaritaceum, Cyclidium glaucoma, 
Paramecium trichium, Stentor polymorphus, Uroleptus 
piscis, Stylonycliia mytilis, S. pustulata, Aspidisca costata, 
and Campanella sp.? are all eurythermic ciliates, since they 
were found frequently or infrequently in all seasons under 
wide variations in temperature. In most of the species the 
largest population is, however, limited to warm days. Ac- 
cording to their maximum abundance, the favorable tempera- 
ture is about 22° C. for Frontonia acuminata (graph 4A, chart 
6) and Campanella sp.f (graph 3, chart 7), 19°C. for Coleps 
hirtus (graph 1, chart 6), 18°C. for Strombilidium gyrans, 
Cyclidium glaucoma (graph 4B, chart 6), Paramecium 
trichium, and Stylonycliia mytilis. In contrast with these, 
Aspidisca costata (graph 2, chart 7) and Stylonycliia pustu- 
lata have their respective maxima at temperatures of 7.2° 0. 
and 4°C. 

Judging from their constant occurrence only in warm parts 
of the year, Prorodon griseus, Holophrya kessleria, Askenasia 
elegans, Arachnidium bipartitum, Urocentrum turbo, Spiro- 
stomum teres, Halteria grandinella, and Euplotes patella are 
thermophilic species. In comparing the graphs representing 
some of these species with the graphs for temperature, one 
will notice the different degrees of adaptation toward higher 
temperatures as exemplified by these species. Halteria 
grandinella (graph 2, chart 6) seems to be favored by the 
highest temperature, while it may also live at a thermal point 
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as low as 7°C. The thermal range becomes narrower in the 
case of Enplotes patella (graph IB, chart 7). Urocentriim 
turbo (graph 6B, chart 6) lives within tlie thermal range of 
14.5“C. to 22.4°G. Arachnidium bipartitum (graph bB, chart 
6) has never been observed in. samples below 15° G., while 
Holophrya kessleria (graph 3B, chart 6) only occurs in the 
water having a temperature above 20° C. 

There are a few species of psychrophilic eiliates, including 
Holophrya gargamella, Paramecium bursaria, Strombidium 
viridis, S. claparMii, iTrostyla grandis, Oxytricha pellioneila, 
and Pleurotriclia lanceolata. Paramecium bursaria (graph 
5A, chart 6) is usually found in great numbers during the 
winter, but it may also appear when the temperature is as 
high as 21° 0. The occurrence of Holophrya gargamella 
(graph 3 A, chart 6) is confined to temperatures between 
1.1° 0. and 14.6° C'., and in several instances, it was observed 
to die off very quickly at room temperature (23° C. to 25° C.) 
in the laboratory. Plere, however, is a paradoxical relation 
in that, with a general tendency of distributing toward the 
lower temperatures, H. gargamella showed maximum num- 
bers in the week of March 14th to 20th, when there was an‘ 
unusual increase of water temperature to 13.2° C. Strom- 
bidium viridis disappeared above 18° 0., while S. claparedii 
(graph 6A, chart 6) and Oxytricha pellioneila (graph lA, 
chart 7) were only found below 15.6° 0. 

The thermal ranges for Tenth ophrys trisulca (graph 7, 
chart 6) and Cyclotrichium vernalis are extremely limited, 
since they only occurred for a few weeks in the later spring. 
Like Hroglena americana and Eudorina elegans in the Masti- 
gophora, they are definitely steno thermic. 

Chart 6 Showing the seasonal distribution of certain holotriclious and oligo- 
trichous eiliates. Graph 1, Coleps hirtus. Graph 2, Ilaltoria grandinella. Graph 
3A, Holophrya gargamella. Graph Holophrya kessleria. Graph 4A, Prontonia 
acuminata. Graph 4B, Cyelidium glaucoma. Graph 5A, Paramecium bursaria. 
Graph 5B, Arachnidium bipartitum. Graph 6A, Strombidium claparedii. Graph 
6B, XJrocentrum turbo. Graph 7, Teuthophrys trisulca. Ordinates indicate the 
number of animals per cubic centimeter. 
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E. C orrelation hePiveen oxygen and the seasonal distrilrutioii 

of protozoa 

Sarcodina. Most of the species of Sarcodiiia tolerate a 
wide raiig'e of oxygen content, but, according to their seasonal 
distribution, they are more numerous in the lower ranges of 
oxygen content. A major maximum of abundance for Difflugia 
lobostoma occurred (week of August 1st to 7th) when, the 
water contained only 3.05 ec. per liter of oxygen, and the 
amount of this dissolved gas was still less (2.3 cc. per liter) 
when a minor maximum of this Difflugia was recorded in the 
week of July 11th to 17th (graph 1, chart 3, and graph 2, 
chart 1). Actinosphaerium eichhornii appeared within the 
range of 2.77 cc. to 14.38 cc. per liter, but its maximum oc- 
curred when the water contained 6.36 cc. per liter. Amoeba 
polypodia (graph 2, chart 3) and Nebela dentistoma (graph 
3, chart 3) appear to represent two divergent typos of adapta- 
tion toward limitation by oxygen content. Amoeba poly- 
podia was found only when the water contained from 2,3 cc. 
to 7.8 cc. per liter of oxygen. On the other hand, Nebela 
dentistoma was observed only when the range of oxygen 
content was 6.2 cc, to 15.3 cc. per liter. 

MastigopJwra. Euglena viridis, Trachelomonas hispida, 
G-lenodinium cinctum, and Peridinium einctum can tolerate a 
great variation in oxygen content of tlie water from the low- 
est to the highest. Their respective numerical maxima are, 
however, found within the oxygen range of 3 cc. to 9 cc. 
per liter. 

Other species of Euglena and Trachelomonas, as well as 
those of Phacus, appeared in vuiter having a comparatively 
low oxygen content. The same thing is time for Leptocinclis 
ovum and Peranema trichophorum. 

In contrast with those mentioned above, some of the 
colonial flagellates were habitually found in the pond when 
the oxygen content was high. Dinobryon sertularia (graph 
lA, chart 5) had just appeared (week of November 7th to 
13th) when the dissolved oxygen in water was above 6.4 cc. 
per liter, and a major maximum occurred wlien the oxygen 
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content was 11.5 cc. per liter with a minor one at 15.3 cc. per 
liter. Although Synnra nvella has been observed when the 
oxygen content was as low as 4.6 cc. per liter, its two maxima 
were recorded at the same time (February 14th to 20th and 
December 19th to 25th) as those of Dinobryon sertnlaria when 
the oxygen ranges were very high. With a maximum abun- 
dance when the oxygen content was 12.86 cc. per liter, Gonium 
pectorale was not collected in water having less than 6.3 cc. 
of oxygen per liter. A non-colonial flagellate, Chlamydomonas 
pnlviculus, appears to be an extreme case of limitation to 
high oxygen content, having a range from 9.08 cc. to 15.3 cc. 
per liter. 

Narrow ranges of oxygen content of 6.4 cc. to 8.64 cc. per 
liter for Uroglena americana and 6.4 cc. to 9.08 cc. per liter 
for Bndorina elegans (graph 2B, chart 5) were recorded. 

Infusoria. The species of Infusoria having the widest 
oxygen range are Coleps hirtus, Dileptus gigas, Lionotns 
fasciola, Frontonia acuminata, Cinetochilum margaritacenm, 
Paramecium trichium, Stentor polymorphns, Strombilidium 
gyrans, Halteria grandinella, Stylonychia pustulata, As- 
pidisca costata, and Campanella sp.f The maximum popu- 
lations for Halteria grandinella (graph 2, chart 6) and 
Frontonia acuminata (graph 4A, chart 6) were recorded when 
the oxygen content was less than 4 cc. per liter. Aspidisca 
costata (graph 2, chart 7) and Stylonychia pustulata were 
most numerous at the higli oxygen content of 12.2 cc. and 
11.82 cc. per liter, respectively. The oxygen readings recorded 
for the maxima in other ciliates mentioned above are neither 
very low nor very high. 

Holophrya gargamella, Strombidium viriclis, S. claparedii, 
Paramecium bursaria, Oxytricha pellionella, and Pleurotricba 
lanceolata all appeared in water having a high oxygen con- 
tent. 

Holophrya gargamella appeared only when the oxygen con- 
tent was above 8.64 cc. per liter (graph 3 A, chart 6, and 
graph 2, chart 1). Like its relation to temperature, this 
species shows another paradoxical correlation. A minor 
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maximum was recorded when the oxygen content was 15.3 cc. 
per liter — the highest. The major maximum occurred when 
there was a sudden diminution of oxygen from 11.3 cc. to 
9.48 cc. per liter. This major maximum was followed im- 
mediately by a great decrease in numbers, which suggests 
a lag in the reaction of these animals to the changes in oxygen 
content. The oxygen range is above 7.0 cc. per liter for 
Strombidium claparedii (graph 6 A, chart 6, and graph 2, 
chart 1) and above 6.4 cc. per liter for Strombidium viridis. 
The former had a maximum abundance when the oxygen con- 
tent was 11.0 cc. per liter and the latter when it was 12.8 cc. 
per liter. Notwithstanding the fact that Paramecium bursaria 
tended to thrive best when the oxygen concentration was 
high, it was also found in water with the oxygen content as 
low as 4.65 cc. per liter, and its numbers were also decreased 
to a considerable degree when the highest oxygen content was 
recorded. Oxytricha pellionella was not observed when the 
water contained less than 7.0 cc. per liter of oxygen (graph 
lA, chart 7, and graph 2, chart 1), and it reached its maxi- 
mum numbers when the oxygen content was a little over 14 cc. 
per liter. The occurrence of Pleurotriclia lanceolata was con- 
fined within the range of 11.8 cc. to 14.9 cc. per liter. 

The ciliates which were habitually found in water of low 
oxygen content were Actiiiobolus radians, Prorodon griseus, 
Holophrya kessleria, Askenasia elegans, IJrocentrum turbo, 
Spirostomum teres, and Stichotricha secunda. Prorodon 
griseus was found in water with oxygen content as high 
as 11.3 cc. per liter, but its maximum abundance was recorded 
when the water contained only 2.77 cc. per liter. The same 
thing is true for Askenasia elegans, since its oxygen range 
is from 2.3 cc. to 10.7 cc. per liter. The optimal limitations 
of low oxygen content in cubic centimeters per liter for other 
species are summarized as follows: Actinobolus radians, 
2.77 cc. to 6.7 cc. ; Holophrya kessleria, 2.77 cc. to 6.7 cc. 
(graph 3B, chart 6, and graph 2, chart 1) ; Spirostomum teres, 
2.77 cc. to 7.8 cc. ; XJrocentrum turbo, 3.05 cc. to 7.8 cc. (graph 
6B, chart 6, and graph 2, chart 1), and Stichotricha secunda, 
3.82 ee, to 7.5 cc. 
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Correlated with a short period of occurrence, certain 
ciliates presented a very limited oxygen range. Thus the 
oxygen range was only 6.4 cc. to 8.64 cc. per liter for Gyclo- 
trichinm vernalis and 6.4 cc. to 7.0 cc. per liter for Tentho- 
phrys trisnlca (graph 7, chart 6, and graph 2, chart 1). 
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Chart 7 Showing the seasonal distribution of certain hypotrichous and peri- 
trichous ciliates. Graph lA, Oxytricha pellionella. Graph IB, Euplotes patella. 
Graph 2 , Aspidisca costata. Graph 3, Cainpanella sp,? Ordinates indicate 
the number of animals per cubic centimeter. 


F. Correlation hehueen hydrogen-ion concentration and the 
seasonal distrilmtion of protosoa 

Sarcodina. As we have stated above, the pH value for the 
pond water studied is fairly constant throughout the year, 
exhibiting a limited range from 6.2 to 7.05. Actinosphaerium 
eichhornii, Amoeba discoides, Dactylosphaerium radiosum, 
Difflugia lobostoma, and H. corona have been observed within 
these extremes of the pH range. 

In the case of Amoeba polypodia and Arcella discoides, the 
optimal pH range appears to be rather narrow, from 6.6 to 
7.05 (graph 2, chart 3, and graph 3, chart 1) and from 6.52 
to 7.0, respectively. Both of these, species disappeared to- 
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gether from October 31st onward after a sudden decrease of 
pH from 6,6 to 6.2 had occurred. 

Nebela dentistonia, on the other hand, seems to l)c favored 
by the lower pH of 6.2 to 6.7 (graph 3, chart and graph 3, 
chart 1). 

Mastigophora. Peridinium cinctum and Grlenodinium cine- 
turn were found within the entire range of the observed pH, 
but their populations were very small when the pH was less 
than 6.4 (graph IB, 2A, chart 5, and graph 3, chart 1). The 
limitation of pH range for Euglena viridis was 6.35 to 7.05 
(graph 1, chart 4, and graph 3, chai't 1) and that for Phacus 
pleuronectes was 6.5 to 7.05 (graph 3, chart 4, and graph 3, 
chart 1). Like Amoeba polypodia and Arcella discoides, 
these two flagellates also disappeared when the i)H dropped 
to 6.2. A trace of Trachelomonas hispida was found in the 
first week of the lowest pH, but it likewise disappeared in 
the second week when the pH was unchanged (graph 2, chart 
4, and graph 3, chart 1). Other flagellates, except three 
species of the colonial forms to be considered below, were 
never found when the pPI was as low as 6.2. 

Synura uvella, Gonium pectorale, and Dinobryon sertularia 
have the same pH ranges, namely, from 6,2 to 6.91. The 
numbers of Synura and Gonium were not decreased (nor in- 
creased) in the water showing pH of 6.2, while Dinobryon, 
after a long absence during the summer and early autumn, 
reappeared in the second week of the period of lowest pH. 

The pH range appeared to be extremely limited (6.75 to 
6.9) in the case of Urogleiia americana and Eudorina elegans. 

Infusoria. The ciliates observed to occur within the entire 
pH range of 6.2 to 7.05 are the following: Coleps hirtus, 
Askenasia elegans, Trachelius subtilis, Dileptus gigas, Liono- 
tus fasciola, Frontonia acuminata, Cinetochilum margarita- 
ceum, Halteria grandinella, Strombilidium gyrans, Euplotes 
patella, Aspidisca costata, Vorticella campanula, V. nebuli- 
fera, and Gampanella sp.! 

The pH range seems to be limited for certain ciliates. Ex- 
amples are: Strombidium claparedii and S. viridis, 6.4 to 
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6.96; Holophrya gargamella, 6.4 to 6.9; Prorodon griseas and 
Arachnidium bipartitum, 6,52 to 7.05; Urocentrum turbo, 6.6 
to 6,88; Holophrya kessleria, 6,65 to 7.05, and Tenthophrys 
trisiilca and Cyclotricliium vernalis, 6.75 to 6.91. 

Chilodon cucullulns, Proiitonia leucas, Lembadion bullinum, 
Craspedonotus vermicularis, and Spirostomum teres were not 
recorded when the pH of the water was as low as 6.2. 

Stentor polymorphus seems to be favored by lower pH, 
since its maximum of abundance was found when the pH of 
water was just 6.2. Perhaps it is also true for other species 
of Stentor. Thus, according to their maxima in occurrence, 
the optimal pH is 6.4 for S. roseus, 6.45 for S. barrettii, and 
6.6 for S. coeruleus. 

G. Correlation behueen volatile acids and the seasonal 
distribution of protozoa 

In presenting the data on the volatile acids in relation to 
the seasonal distribution of protozoa, the numbers on the 
scale for graph 4, chart 1, will be utilized to designate the 
relative amount of volatile acids. These numbers, indicated 
everywhere in this paper as difference of pH or pH difference, 
are, therefore, not directly related to the ordinary pH value. 
It will be understood, of course, that the larger the difference 
in pH after boiling, the larger would be the amount of volatile 
acids which were originally present in the water, 

Sarcodina. Actinosphaerium eichhornii, Raphidiophrys 
elegans, and Difflugia lobostoma were found within the widest 
range of the concentration of volatile acids in the pond water. 
However, they became numerous only in the lower concentra- 
tion of such acids. At the time of their seasonal maxima, the 
difference between the two readings of pH is 0.64 for Actino- 
sphaerium eichhornii, 0.65 for Difflugia lobostoma (graph 1, 
chart 3, and graph 4, chart 1), and 0.7 for Raphidiophrys 
elegans. 

The occurrence of Amoeba polypodia was limited to pH 
differences between 0.4 and 0.83 (graph 2, chart 3, and graph 
4, chart 1). Other Sarcodina were usually not found in abun- 
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claiicG wliGii tliG surfacG Wcitcr coiitaiiiGcl a grGat aniouiit of 
volatilG acids. 

Nobcla deiitistoma is the only form that frequently oc- 
curred in a higher range of the pH dift’eronce (0.64 to 2.0). 

Mastigophora. The flagellates wliicli occurred within the 
widest limits of the relative amount of volatile acids are 
Euglena viridis, Glenodinium cinctum, and Peridiniiim cinc- 
tum. Trachelomonas hispida also has a wide range in regard 
to such acids, but it never occurred at the upper and lower 
extremes. 

Euglena deses, Trachelomonas armatus, Phacus anacoelus, 
Phacus pleuronectes, and Peranema trichophorum were more 
numerous in water having a low content of volatile acids. 
Thus optimal volatile-acid content is indicated by pH dif- 
ferences of 0.5 for Euglena deses, 0.7 for Trachelomonas 
armatus and Peranema trichophorum, and 0.45 for Phacus 
anacoelus and P. pleuronectes (graph 3, chart 4, and graph 
4, chart 1). 

Those flagellates which seemed to be favored by a high 
content of volatile acids are Synura uvella, Dinobryon sertu- 
laria, Chlamydomonas pulviculus, and Gonium pectorale. The 
ranges of pH difference recorded were 0.68 to 2.0 for Synura 
uvella (graph 3, chart 5, and graph 4, chart 1) and Gonium 
pectorale, 0.8 to 2.0 for Dinobryon sertularia (graph lA, 
chart 5, and graph 4, chart 1), and 1,2 to 2.0 for Cldamy- 
domonas pulviculus. 

IJroglena americana and Eudorina elogans were found 
where a moderate amount of volatile acids was present. 

Infusoria. Coleps hirtus, Dileptus gigas, Lionotus fasciola, 
Erontonia acuminata, Cinetochilum margaritaceum, Para- 
mecium trichium, Stentor polymorphus, Stromhilidium 
gyrans, Halteria grandinella, Stylonychia pustulata, As- 
pidisca costata, and Campanella sp.? have been observed to 
occur within a wide range of concentration of volatile acids 
dissolved in the water. 

Except ill the case of Stylonychia pustulata and Aspidisca 
costata, the individuals of the above-mentioned species were 
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more numerous when the concentration of volatile acids was 
comparatively low. 

Certain ciliates were found only when the concentration of 
volatile acids was low. The seasonal maxima in numbers for 
Prorodon griseus and Holophrya kessleria were recorded 
when the water had the lowest concentration of volatile acids. 
The range of the ditferenee of pH is 0.4 to 0.8 for Spiro- 
stomum teres, 0.4 to 0.82 for Actinobolus radians, 0.4 to 1.4 
for Askenasia elegans, 0.65 to 0.74 for Urocentrum turbo 
(graph 6B, chart 6, and graph 4, chart 1), and 0.8 to 1.1 for 
Teuthophrys trisulca (graph 7, chart 6, and graph 4, chart 1) 
and Cyclotrichium vernalis. 

Ciliates usually found in water having a high concentration 
of volatile acids are Holophrya gargamella, Oxytricha pel- 
lionella, Strombidium claparedii, S. viridis, and Paramecium 
bursaria. Holophrya gargamella, Oxytricha pellionella, and 
Strombidium claparMii have the same range of pH differ- 
ence (1.0 to 2.0), while the range is 0.8 to 2.0 for Strom- 
bidium viridis and 0.64 to 2.0 for Paramecium bursaria (graph 
5 A, chart 6, and graph 4, chart 1). 

jEf. Other 'physical factors, of the enviro'iime'nt infiue'iicing the 
seaso'yial distribution of protozoa 

Sunlight versus cloudiness. Since my data on the weather 
conditions were made only at the time of collection and since 
there might be a lag in the effect of sunlight on the occurrence 
of the protozoa, the monthly records, composed of daily esti- 
mations obtained from the TJ. S. "Weather Bureau in Phila- 
delphia, were utilized. These monthly records are entered 
in table 1. 

By a glance at the table one will notice that there were 
more sunny days in September (fourteen) and October 
(eighteen), 1927, than in any other months of the year covered 
by this record. It is interesting to note that the seasonal 
maxima of most of the species of protozoa were recorded 
during these two months. Very few species reached their 
maxima in August when there were only three clear days in 
the month. 


journatj op morphology akd physiology, yoii. 46. no. 2 



464 


GHIA CHI WANG 


The numbers of Actinospliaerium eichliornii, Eapliidio- 
plirys elegans, and Glatlirulina elegaiis were always small 
on cloudy days, and they also iiicreased in number, particu- 
larly in September, when a great amount of sunlight was 
available. Although not recognized as a typical heliotropic 
species, Difflugia lobostoma, after the seasonal maximum re- 
corded during the first week of August, suddenly decreased 
in number with an accompanying decrease in sunshine in 
that month. During the first part of September, when the 
sunlight was sufficient, the individuals of D. lobostoma tended 
to increase again, and it remained numerous throughout most 
of October. 

TABLE 1 

Monthly records on the conditions of sunshine obtained from the U. S. Weather 
Bureau in Philadelphia (data for February 1, WH7, to 
January 31, 1938, inclusive) 






NUMBER OK DAYS 

1, 1927 




1928 
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March 

April 
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.September 
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December 
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5 

10 
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14 

18 
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9 

13 
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11 

8 
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14 

12 

13 

10 

9 

3 

9 

G 

9 

Cloudy 

12 

13 

14 

14 

11 

11 

18 

7 

10 
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Of the Mastigoxdiora, species of Euglena and Phacus are 
particularly favored by sunlight. Tlieir numbers usually de- 
creased on cloudy days as compared to sunny days. The 
population of Euglena viridis was constantly greater in 
Marcli and April, wdien there were relatively more clear days, 
and gradually decreased during May, when the duration of 
sunlight was less. Prom fairly large numbers in the latter 
part of July, the population of Euglena viridis decreased in 
August, when the sunlight was particularly deficient, , in- 
creased again at the end of September, and reached a minor 
maximum in the early part of October when the sunlight was 
favorable. Phacus pleuronectes showed the same reaction 
to sunlight, since the numbers were rather small in the rela- 
tively dark months of May and August. 
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Ciliates which appear to he favored by sunlight are : Coleps 
hirtus, Holophrya gargamella, Chilodon cuciillulus, Teutho- 
phrys trisulca, Cyclotrichium veriialis, Strombidium viridis, 
and S. claparedii. With a seasonal maximum in the week 
between September and October, when the sunlight was ex- 
tensive, Coleps hirtus might be considered as a heliotropic 
species. A noticeable depletion in population of this species 
was also recorded in August, when the cloudiness was most 
pronounced. The numbers of the other ciliates, mentioned 
above, tended to decrease on cloudy days as noted on my own 
data sheets. Teuthophrys trisulca and Cyclotrichium vernalis 
are very susceptible to cloudiness, since they were very 
scarce when the sun was not shining. The population of these 
two species was extremely small during the excessively cloudy 
month of May, 1927, as compared with several preceding 
years according to records kept by Dr. D. H. Wenrich. 

Effect of rain. The effect of rain on the distribution of 
protozoa at the surface of the pond is rather a direct one. 
Traces of Actinosphaerium eichhornii may be found on cloudy 
days, but were never recorded on rainy days. Eugiena viridis 
disappeared during rain, while, in certain cases, there were 
more individuals of Peridinium cinctum on rainy days than 
on clear days. Ciliates which were more likely to disappear 
during rain are Askenasia elegans, Cinetochilum- margarita- 
ceum, Lembadion bullinum, Paramecium trichium, Stentor 
polymorphus, Droleptus piscis, Oxytricha pellionella, 0. 
platystoma, and Tachysoma parvistyla. 

It is of interest to note that, although the numbers of 
protozoa might diminish greatly when it rained, the numbers 
of individuals of various species tended to increase again 
just after the rain. On August 18th and November 28th 
(cloudy days), the numbers of individuals were much larger 
than those found on preceding or succeeding days while there 
were very heavy rains during the night preceding the collec- 
tions. 

Winter conditions. In winter the pond was often covered 
with ice, and a chisel was used to make a hole for taking the 
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samples of water. The temperatures of the water just below 
the ice were always above 1.0° C. Eurytherrnic as well as 
psychrophilic species of protozoa were commonly present in 
the surface water (below the ice) when the pond was frozen. 
It may he said, therefore, that the diminution of protozoan 
population in winter was primarily due to the lower tem- 
perature, but not to the frozen condition. 

Pieces of ice were also brought into the laboratory and 
allowed to melt in a sterile vessel. Examination of the water 
from the melted ice failed to reveal any protozoa. Unlike 
certain algae, therefore, protozoa seem not to become frozen 
in the ice. 

DISCUSSION 

While some papers have been published on the general 
ecology of protozoa, information concerning the habitats of 
individual species is frequently found in taxonomic studies. 
Those of Leidy (’79), Kent (’80), Stokes (’88), Koux (’01), 
Penard (’02, ’22), Faure-Eremiet (’24), and Kahl (’26, ’27) 
are examples. 

Studies of the various physical, chemical, and biological 
conditions of laboratory cultures of protozoa have been re- 
ported by Peters (’07), Woodruff (’10, ’12), Fine (’12), 
Jacobs (’12), and Bodine (’21). 

Studies of protozoa in relation to more natural environ- 
ments have been made, among others, by Ijauterborn (’01), 
Juday (’08, ’19), Kolkwitz and Marsson (’09), Hausmann 
(’17), Riggenbach, (’22), Bylov (’23), Crozier (’23), and 
Noland (’25). 

Hausmann grouped the fresh-water protozoa into five en- 
vironmental types in regard to special habitats without meas- 
uring any of the physical or chemical conditions of the dif- 
ferent environments. Crozier found that, in the surface film 
of the filter bed of a sewage-disposal plant, the number of 
kinds of ciliates or rhizopods is directly correlated with the 
abundance of individuals, in contrast with the inverse cor- 
relation often found under more natural conditions, and sug- 
gested that study of such relationships might afford a basis 
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for comparing the ‘selective potentials’ of different environ- 
ments. Laiiterborn applied the term ‘sapropelic fauna’ to 
those protozoa which may live in putrefying detritus at the 
bottom of pools where hydrogen sulphide seemed very abun- 
dant. Juday listed certain protozoa which appeared to exist 
without free oxygen at the bottom of Lake Mendota, and later 
he also published an account on an anaerobic ciliate. Kolk- 
witz and Marsson classified the protozoa into three groups, 
namely, ‘polysaprobe,’ ‘mesosaprobe,’ and ‘oligosaprobe,’ 
according to the progress of self -purification in polluted 
water from which the animals were collected and observed. 
Rylov studied the correlations between seasonal conditions 
in regard to the dissolved oxygen and hydrogen sulphide and 
the vertical distribution of Loxodes rostrum. Riggenbach 
divided the heliozoans and ciliates, into three groups, accord- 
ing to their distribution toward a higher oxygen content on 
the one hand and higher content of carbon dioxide, hydrogen 
sulphide, and ammonia on the other. Noland found that cer- 
tain ciliates are favored by warm water, while some were 
found chiefly in cold water ; ciliates living on algae occurred 
in water having a high oxygen and low carbon-dioxide con- 
tent, while those feeding on bacteria were found where the 
oxygen content was low and carbon dioxide was much more 
abundant. Both Riggenbach and Noland seem to have con- 
cluded that the nature and amount of available food present 
in the water exert a direct influence on distribution of the 
protozoa. 

Abt(,ndance and diversity in the seasonal distribution of 

protosoa 

As pointed out by Grozier (’23), in a natural environment, 
the number of kinds of planktonic organisms as well as other 
forms is often inversely correlated with the number of indi- 
viduals at any seasonal period. Such correlations among the 
major groups of protozoa have been briefly mentioned in the 
preceding pages (pp. 445-447). 
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If comparison is made among certain genera, tlio inversed 
correlation between abundance and diversity is clearly il- 
lustrated. Dinobryon sertularia, Peridinium cinctnin, and 
Crlenodininm cinctnm are the only species in their respective 
genera found in the pond, yet the maximum of each greatly 
surpasses the combined maxima of six species of Kuglena, 
four species of P*hacus, and three sj)ecies of Trachelomonas, 
There were large numbers of individuals of Halteria grandi- 
nella and Strombilidinm gyrans, which were also the only 
species in these genera recorded. Colex)s and Prontonia are 
each represented by two species, and these ciliates were fre- 
quently found ill great abundance. A number of species of 
Paramecium, Stentor, Oxytricha, and Vorticella has been ob- 
served, but the numbers of individuals were small (excejit 
Paramecium bursaria) as comiiared with those of Halteria, 
Strombilidinm, Goleps, and Frontonia. 

It has been long considered that allied species of the same 
genus living in the same locality may require the same sorts 
of environment, and therefore competition arises among them 
in maintaining their existence. It may be supposed that 
species of Euglena, Phacus, Paramecium, Stentor, etc., had 
to meet with such competition in this particular pond which 
provided a natural check to their increase in numliers. On 
the other hand, the very large numbers of Dinobryon sertu- 
laria, Peridinium cinctum, Halteria grandinclla, Strombili- 
dium gyrans, etc., might be expected, since they liad no com- 
petitors in closely related species. 


Distribution of bottom dwellers and tJdgniotropic species 

The Sarcodina, except certain Heliozoa, are considered to 
be principally bottom dwellers, and, therefore, the records 
from the surface collections probably are quite inadequate 
to determine the seasonal distribution of the members of this 
group. Just what factors are responsible for bringing them 
to the surface have not been determined, though convection 
currents or vertical currents, caused by wind action, and re- 
actions to food conditions may be mentioned as possible 
agents. 
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The majority of peritrichous ciliates, such as Vorticella, 
Opercularia, Zoothamnium, Vaginicola, Ehabdostyla, and 
Trichodina and adult Suctoria, are found to he attached to 
foreign objects by means of stalks, pedicels, disks, or other 
attachments. They may or may not be associated with other 
organisms, but the occurrence of certain associated in- 
fusorians is directly correlated with the incidental distribu- 
tion of their hosts in the surface water, and the records made 
on their seasonal distribution are not comparable to those 
of the surface r earners. 

It should be mentioned, however, that the data for the dis- 
tribution of Campanella sp.f were made on the free-swim- 
ming zoids, the distribution of which seemed to parallel the 
seasonal variations in the environment. 


carbonates of calcium and magnesium 


oxygen content 



Interrelations among the physicochemical factors of the 

environment 

The data showing correlations in the seasonal variations 
among the physical and chemical factors of the environment 
have already been presented (pp. 443 and 445). Tempera- 
ture is probably the main factor in influencing the chemical 
changes, particularly in the surface water from which the 
measurements were derived. As pointed out in Whipple 
(’27), the gases may be conveyed from the air to the water 
by three main processes: solution, convection currents, and 
diffusion. The rate of each of these processes is directly 
influenced by the temperature. As illustrated by diagram A, 
temperature exerts a direct influence on both oxygen content 
and concentration of volatile acids and an indirect influence 
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on pH value (indicated by discontinuous arrow) which is 
directly effected by volatile acids and checked, probably, by 
the presence of carbonates of calcium and magnesium. 

Correlation between temperature and the distribution of 

protosoa 

Most of the species of protozoa seemed much more sus- 
ceptible to thermal changes than to the fluctuations of other 
environmental factors. Thermophylic or psychrophylic 
species appeared to have definite ranges of optimal tem- 
perature. Among the thermophylic forms, Halteria grandi- 
nella, Spirostomum teres, and XJrocentrum turbo were also 
reported by Noland (’25) in the high-temperature group. 
Lauterborn included Hinobryon sertularia and Synura uvella 
in his ‘'‘Winter fauna,” and Noland recognized Oxytricha 
pellionella as favored by low temperature. As determined 
by the present study, these three species together with a 
number of others are typical psychrophylic protozoa. 

It is possible that the chemical processes associated with 
metabolic activities of the protozoan cells can be accelerated 
by increasing temperatures in accordance with van’t Hoff’s 
law. The increase of the rate of metabolism may lead to a 
rapid process of reproduction (assuming an adequate food 
supply), and this has been indicated by the fact that the 
greatest numbers of eurythermic as well as thermophylic 
species were recorded on warm days, and even the maxima 
of psychrophylic forms never occurred at the lowest tem- 
perature. It is of interest to note that liinary fission of 
Halteria grandinella and conjugation of Frontonia acuminata 
were usually observed in the fresh sam^ile when the tem- 
perature of the water was high. 

The relations between protozoa and the chemical environment 

Oxygen is one of the most important requirements for 
carrying on the metabolic activities of all animals, and the 
great abundance of certain free-swimming protozoa in this 
pond is probably correlated with the fact that the surface 
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water is well oxygenated in most parts of the year. Some 
protozoa, however, appear to be favored by a considerable 
diminution of oxygen in the medium in which they live. 
In this connection it may be noted that those species listed 
by Kolkwitz and Marsson as ‘polysaprobien’ and species 
like Microthorax sulcatus, Gaenomorpha medusula, and 
Metopus sigmoides, recorded by Eig'genbach (’22) and 
Noland (’25) as living in water having the lowest oxygen 
content and highest carbon-dioxide, or hydrogen- sulphide, 
or ammonia content, were never observed in the surface 
water of this pond, where a considerable amount of free 
oxygen was always available. Spiro stomum ambiguum, 
recognized by Piitter (’04) as a facultative anaerobe, and 
Plagiopyla nasuta, reported by Riggenbach as living in a 
high concentration of carbon dioxide, hydrogen sulphide, 
etc., appeared in the surface only once in the year in ex- 
tremely small numbers. 

All the colonial flagellates are chlorophyll-bearing protozoa's 
and were found in great abundance during the winter when 
the water contained much more oxygen and volatile acids, 
especially carbonic acid. The larger amount of carbonic acid 
could be utilized by the chlorophyll in photosynthesis which, 
in turn, would tend to produce an excessive amount of oxygen 
in the water. The interrelations between the chemical sur- 
roundings and Paramecium bursaria are very striking. The 
Zoochlorellae or symbionts must have sufficient quantity of 
carbon dioxide for their photosynthetic processes, while P. 
bursaria itself seemed to be favored by a higher concentra- 
tion of oxygen. 

Cowles and Schwitalla ( ’23) pointed out that the constant 
pPI value of 6.5 is most favorable for the development of 
Englena viridis, after they had studied the hydrogen-ion con- 
centration of a stream and a series of pools. The entire dis- 
appearance of Euglena viridis, together with some other 
flagellates as well as certain ciliates and Sarcodina in the 
pond here reported on, when the pH was 6.2, indicated that 
the hydrogen-ion concentration might be one of the limiting 
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factors for the distribution of these protozoa under natural 
conditions. 

Physical factors versus biological factors of the envlroninent 

Thus far in this discussion little attention has been given to 
the food supply and enemies of the protozoa in the pond. The 
protozoa, except certain chlorophyll-hearing tlag*ellates, usu- 
ally feed on bacteria, algae, rotifers, and other protozoa, and, 
in turn, they may he also captured and eaten as food by dif- 
ferent kinds of aquatic animals. Such biological relations in 
nature are of equal importance to the physical factors of the 
environment. The ph^^sical environment may have a direct 



lai 

wm 

IB 

1 

1 

1 

B 

— 



Jan 

m 

1.60 

1.25 

1.00 

in 

0.50 

'0.25 

0.00 


i "i r 

f 

d 

i 

i..., 

j 



W 7}aSutu> 

Gra/;i 

7} 

r 

J 

eciti 

U 

n Cauda 

n 

ium 

1 

"o’ 

5.0 

4.0 

3.0 

2.0 

1,0 

0,Q 



Fab 

Mat 

Apr 


Jun« 


Auj 

Sept 

Oct 

Nov 

J 

Deo 

Jan p 



Chart 8 Showing the seasonal distribution of Paramecium eaudatuiu (graph 
A) and Didinium nasutum (graph B). Ordinates, at left, indicate the numbers 
of P. caudatum per cubic centimeter. Ordinates, at right, indicate the numlxu's 
of D. nasutum per cubic centimeter. 


effect on the chemical processes of metabolism of tlie pro- 
tozoan cells, while biological factors are intimately related to 
nutrition and the problem of maintaining themselves in com- 
petition with others. 

Species of Paramecia have been considered as the most 
favorable food for Didinium nasutum. The graphs on chart 
8, however, indicate that there was no correlation between 
the occurrence of Didinium nasutum and of Paramecium 
caudatum. Not a single Paramecium caudatum was observed 
in the week of April 25th to May 1st, when the maximum of 
Didinium nasutum occurred, and, on the other hand, the 
former became numerous only when the latter was totally 
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absent in the surface water. If the occurrence of P. anrelia 
and P. tricliium were plotted in the same manner with 
Didinium nasutum, there would also be no correlation. This 
probably shows that Paramecium was able to escape from 
its enemy under natural condition, while Didinium nasutum 
had no opportunity, to secure its supposedly favorite food. 

As reported by Riggenbach (’22), Didinium nasutum also 
feeds on Halteria grandinella. In comparing the seasonal 
distribution of these two ciliates (graph B, chart 8, and graph 
2, chart 6), one will notice that the correlation in their occur- 
rence is well established in certain periods. The seasonal 
maximum of Halteria grandinella in the week of July 25th to 
31st was accompanied by a great number of Didinium 
nasutum. In the week of April 25th to May 1st, when the 
maximum occurrence of Didinium nasutum was recorded, 
there was no trace of Halteria grandinella observed, while 
in preceding and succeeding weeks the individual numbers of 
the latter were over one hundred per cubic centimeter as 
correlated with fewer individuals of the former. In this 
particular week, it may be supposed that Halteria grandi- 
nella in the surface water either might all have been captured 
by the large numbers of Didinium nasutum or had migrated 
downward to the lower levels in avoiding the enemy. A 
minimum occurrence of Didinium nasutum from November 
14th to December 4th was not associated with the presence 
of Halteria grandinella. 

Adaptation of protozoa to the environment 

The capacity of self -adjustment of protozoa appears to be 
much greater in the more cosmopolitan species than in less 
familiar ones. Species like Euglena viridis, Paramecium 
caudatum, Goleps hirtus, etc., are less hindered by the 
seasonal changes of the environment in a confined locality 
and also have a world-wide distribution. Teuthophrys trisulca 
has been recorded only in this pond and a lake in the Vosges 
Mountains of Europe and Cyclotrichium vernalis (Wenrich) 
is so far not known in other parts of the world. Both of 
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tliem seemed to be very susceptible to environmental changes, 
and hence their seasonal distribution was very limited. 

Although changes in the physical environment do, un- 
doubtedly, have a direct etfect on the distribution of protozoa, 
the seasonal appearance or variations in numbers of certain 
species may indicate a rhythmical or cyclic series of events 
which are inherent in the organisms and not easily overcome 
by external conditions. Rhythmical changes in division rates, 
the cyclic occurrence of endomixis or conjugation under rela- 
tively constant laboratory conditions are well known, and 
recently Richards and Dawson (’27) found that the division 
rates of Paramecium aurelia, Blepharisma undulans, and 
Histrio complanatus in pedigreed isolation cultures exhibit 
a seasonal rhythm with a yearly maximum during July. Such 
results suggest that the seasonal changes in division rate 
and in other biological activity reflect a long process of 
adaptation between the protoplasmic organization and the 
changing environment, the resultant of these factors being 
the cyclic phenomena observed. However, in the further 
results reported by Richards and Dawson, as well as other 
instances cited by these authors, it is shown that the extent 
of seasonal variations diminishes with continued culture in 
the laboratory year after year, indicating that the relatively 
flxed cycle is still modifiable by an environment different from 
that to which they are normally subjected in nature. 

SUMMARY 

1. There were twenty-seven species of Sarcodina, thirty- 
one species of Mastigophora, and 109 species of Infusoria 
recorded in the surface water of the pond in the botanical 
gardens of the University of Pennsylvania from February, 
1927, to February, 1928. The observed environmental fac- 
tors in influencing the seasonal distribution of these protozoa 
were temperature, oxygen content, hydrogen-ion concentra- 
tion, and the relative amount of dissolved acids. 

2. Especially in the case of Mastigophora and Infusoria, 
the number of kinds is inversely correlated with the abun- 
dance of individuals in the seasonal distribution. 
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3. There were two seasonal maxima in the occurrence of 
Mastigophora as a whole. One, in winter, was chiefly due 
to the great abundance of Diiiobryon sertularia and the other, 
in late summer, to the large numbers of Peridinium cinctum. 

4. The quantitative determinations on the seasonal occur- 
rence of the protozoa are significant only for the surface 
r earners, and not for bottom dwellers and thigmotropic 
species. 

5. The amount of dissolved gases in the surface water is 
directly correlated with the temperature. 

6. There were a great number of stenothermic species as 
well as eurythermic and more thermophilic species than 
psychrophilic. Higher temperatures probably accelerated the 
processes of metabolism which, in turn, may induce rapid 
reproduction, as indicated by the fact that the seasonal 
maxima for most of the species were recorded in warmer 
weather. 

7. Colonial flagellates and zoochlorellae-bearing ciliates 
seemed to be favored by higher concentrations of oxygen with 
a simultaneous abundance of volatile acids (assuming a great 
amount of CO 2 ). 

8. The hydrogen-ion concentration of the pond water is 
fairly constant throughout the year. It may be considered, 
however, as one of the limiting factors in protozoan distri- 
bution, since a number of species disappeared when the lowest 
pH, 6.2, was recorded. 

9. Sunlight is one of the important factors in bringing cer- 
tain heliotropic protozoa to the surface. 

10. While the food supply may be considered as of equal 
importance with the physical environment, it has not been 
directly recorded. It is realized, however, that variations 
in seasonal abundance may depend on variations in food sup- 
ply as well as on variations in the physical factors of the 
environment. In the case of Hidinium nasutum, however, 
there was no correlation between its abundance and the num- 
bers of Paramecium. It is possible that Didinium nasutum in 
this particular pond may also feed on Halteria grandinella, 
as reported by Eiggenbach. 
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11. The seasonal maxima of most of the species were found 
during the months of September and Octol)er in the year 
1927, when most of the observed physical environments 
seemed much more favorable for the protozoa than in other 
months. 

12. The power of self-adjustment seems much greater in 
the more cosmopolitan species than in less familiar species, 
since the latter are probably more susceptible to the environ- 
mental changes, e.g., Teuthophrys trisulca recorded only in 
this pond and a lake in the Vosges Mountains of Europe. 
Tims the capacity of adaptation of various species is directly 
correlated with the extent and limitation of distribution. 
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REACTIONS OF IMMATURE MONKEYS (MACACUS 
RHESUS) TO INJECTIONS OF OVARIAN 
HORMONE 
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NINE HELIOTYPE PLATES (THIRTY- BIX FIGURES) 


author’s abstract 

Series of injections of ovarian Iiormone have heen made into normal and ovariectomized 
immature animals. Injections were made twice daily for twenty-two days. The total dose 
exceeded 1000 rat units per animal. 

Effects noted in the living animals were the appearance of reddening and .swelling of 
the ‘sexual skin’ and change of the cell coi\tent of the vaginal smear to the interval type of 
the mature animal. Measurements made at operation, before and after injections, indicated 
considerable enlargement of both the cer-vix and body of the uterus. The thymus glands of 
the injected animals weighed significantly less than those of the controls. Histologic study 
of the genital tract showed extreme thickening of the vaginal walls, considerable growth of 
the uterine epithelium and glands, hypertrophy of the muscle layers of the uterus, and 
advanced differentiation of the epithelium of the uterine tubes. 

The ovaries of the injected normal animal were smaller and contained fewer primordial 
and medium-sized follicles than those of the controls. The presence of large numbers of 
atretic follicles, especially large flattened scars from former relatively well-developed follicles 
also suggests a harmful effect of this, amount of ovarian hormone upon follicular develop- 
ment. Several stages of elimination of ova from polyovular follicles were also observed. 
There was marked growth in the duets and an increase in the number of alveoli of the 
mammary glands. 


INTEODUCTION 

The effects of ovarian hormone upon immature animals have 
already been extensively studied in rats, mice, and rabbits 
(Fellner, ’12, ’13; Herrmann, ’15; Allen and Doisy, ’24; 
Frank, ’22, ’25; Bronha and Simonnet, ’25, and Zondek and 
Aschheim, ’26). The principal reaction is an acceleration of 
growth of the genital tract and mammary glands which de- 
velops these organs prematurely. The success of some of 
these tests has suggested the possibility of the clinical use of 
this hormone in the treatment of delayed attainment of pu- 
berty in human beings. Since the reproductive phenomena 
of monkey and man are so similar, the present work was 
undertaken to further investigate such possibilities. Especial 

^ This work was assisted by grants from the Committee for Eeseareh in Prob- 
lems of Sex of the National Eeseareh Council. 
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emphasis has been placed upon the quantity of hormone, the 
time required for the reaction, and the degree of development 
resulting from the injections. 

Another phase of this problem still awaits a definite answer, 
namely, the effect of injected ovarian hormone upon the 
ovaries of the immature animal. Apparent acceleration in 
growth of follicles in immature ovaries, resulting in preco- 
cious ovulation, has been reported. Conversely, in some cases 
an apparent inhibition of follicular growth and an increased 
atresia of follicles seem to follow injections of ovarian hor- 
mone. It is not definitely known whether the latter may be a 
transient effect from which the animal may later fully recover. 
Also, the dosage and reaction-time factors still require more 
exact investigation. Since the function of the other genital 
organs is so dependent upon properly functioning ovaries, a 
treatment for infantilism which inhibited ovarian develop- 
ment would not be rational, irrespective of the growth in- 
duced in the genital tract. ’Perhaps the hormone of the 
anterior lobe of the hypophysis may prove the proper therapy, 
as indicated by the recent work of Smith and Engle ( ’27 ) and 
of Zondek and Aschheim (’27). They have shown independ- 
ently that daily implants of anterior lobe accelerate follicular 
development, which in turn accelerates the attainment of 
puberty. Negative results were obtained after removal of 
the ovaries, consequently the anterior lobe must work through 
the ovaries as intermediaries. 

Since the writer, in conjunction with Dr. E. A. Doisy 
(’27 b), has recently reviewed the literature on this subject, 
reference will be made to this paper for a discussion of earlier 
contributions. 

MATERIALS AND METHODS 
Animals used 

Three immature monkeys (Macacus rhesus) of approxi- 
mately the same body weight were used: the first (LE) as a 
control, a second (SS) from which the ovaries had previously 
been removed, and the third (2E) normal, with ovaries intact, 
as test animals for injections. 
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Double ovariectomy was performed upon monkey SS on 
February 19, 1927. These ovaries served as controls before 
the series of injections were begun. At this operation the 
right uterine tube and left mammary gland were also re- 
moved for control specimens and measurements were taken 
of the uterus. 

There was no exact record of age of these monkeys. At 
the time of operation SS weighed 2533 grams. The weights 
of the three animals on February 28, 1927, before injections 
were begun, were 2620, 2560, and 2660 grams (table 1). Their 
weights on March 23, 1927, at the end of injections, were 
2705, 2686, and 2686 grams. 


TABLE 1 

Body weights in grams 


DATE 

ANIMALS 1 

REMARKS 

LE, Control 

SS, Spayed 
injected 

2E, Normal 1 
injected 

2/19/27 


2533 


At ovariectomy 

2/28/27 

2620 

2560 

2660 

Before injections 

3/23/27 

2705 

2686 

2686 

After injections 

Gain ill -weight 

85 

126 

26 



These body weights may be compared with three other 
animals in our colony at the time of appearance of first 
menses (3130, 3170, and 4470 grams). This comparison and 
the fact that three other monkeys then at approximately the 
same body weight had not attained puberty on October 18, 
1927, seven months later, at the weights of ,3160, 3355, and 
4120 grams, indicate that the experimental animals were 
quite immature. 

None of the animals showed signs of reddening or swelling 
of the ‘sexual skin’ about the external genitalia which are 
due to the secretion of ovarian hormone during sexual ma- 
turity (Allen, ’27 a). 
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Injections of hormone 

Injections were begun into SS and 2E on March 2, 1927, 
eleven days after a double ovariectomy u^joii animal SS. 
Pour different extracts were used as follows: 1) an oil 
solution of lipoid extract of liquor folliculi from pig ovaries 
(L.P. no. 17) containing more than 4 rat units of hormone 
per cc. ; 2) an oil solution of lipoid extract of human placenta 
(P no. 28) containing more than 7 rat units per cc. ; 3) an 
aqueous preparation (no. 093445-a) containing more than 25 
rat units per cc., and, 4) a second aqueous ^preparation (no. 
093486--a) containing 100 rat units per cc.^ 

Two injections were given daily over a period of twenty^ 
two days. Normal animal 2E received a total of 1005 rat 
units, beginning with 8 rat units a day for the first ten days, 
increasing to 25 rat units a day from the eleventh to thirteenth 
daySj and to 100 rat units a day for the last eight 
days. Ovariectomized animal SS received a total of 1065 rat 
units, beginning with 14 rat units daily for the first ten days 
and finishing the experiment with the same dosage as given 
to 2E. The maximum dose of 100 rat units per day was 
maintained for the last eight and one-half days (table 2).'^ 
For details of standardization of ovarian and placental ex- 
tracts reference is made to Allen and Doisy and others (’24). 


OBSERVATIONS 

Effects of injections in the living anmials 

Toward the end of the first week of injections a very light 
reddening of the skin of the vulva ajipeared in botli animals. 

The third and fourth extracts were furnished by Parke, Davis Company, of 
Detroit. Their standardization in rat units was confirmed liy the writer, who 
wishes to acknowledge the generous cooperation of Dr. A. W. Lescohior in supply- 
ing these extracts. 

’No attempt was made to analyze the urine for excretion of hormone (Loewe 
and Lange, ’26; Smith, ’27, and others) for this would have required the restric- 
tion of the animals to small cages. It was thought better to allow them the 
range of a large outdoor cage. Consequently, although more than 1000 rat units 
were injected into each animal during the experiment, we have no assurance that 
all was utilized. It is possible that considerable amounts were excreted. 
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TABLE 2 

Injections into immature monTceys SB and SS 


DATE 

TIME 

! 1 

SS 1 

BEMAKKS 

cc. injected 

R.U. 

daily 

ce. injected 

R.U. 

daily 

3/ 2/27 

10.00 A.M. 

1 LF 17 


1 P no. 28 


Injections begun 


■4.45 p.M. 

1 

8 

1 

14 


3 

9.00 A.M. 

1 


1 




5.00 P.M. 

1 

8 

1 

14 


4 

9.00 A.M. 

1 


1 




5.00 P.M. 

8 

8 

1 

14 


5 

8.30 A.M. 

1 


1 




5.00 p.M. 

1 

8 

1 

14 


6 

9.00 A.M. 

1 


1 




5.00 P.M. 

1 

8 

1 

14 


7 

9.00 A.M. 

1 


1 




5.00 P.M. 

1 

8 

1 

14 


8 

9.00 A.M. 

1 


1 


Slight reddening of 


5.00 P.M. 

1 

8 

1 

14 

'sexual sltin^ 

9 

9.00 A.M. 

1 


1 




5.00 P.M. 

1 

8 

1 

14 


10 

9.00 A.M. 

1 


1 




5.00 P.M. 

1 

8 

1 

14 


11 

9.00 A.M. 

I 1 


1 


80 R.U. into 2E, 140 R.U. 


4.30 P.M. 

1 

8 

1 

14 

into SS in first ten days 

12 

9.00 A.M. 

0.5 P.D. 


0.5 P.D. 


Increased reddening and 


5.00 P.M. 

0.5 (25 u) 

25 

0.5 (25 u) 

25 

swelling 

13 

9.00 A.M. 

0.5 


0.5 




5.00 P.M. 

0.5 

25 

0.5 

25 


14 

9.00 A.M. 

0.5 


0.5 


75 R.U. in each in the 


5.00 P.M. 

0.5 

25 

0.5 

25 

next three days 

15 

9.00 A.M. 

0.5 P.D. 


0.5 P.D. 



i 

5.00 P.M. 

0.5 (100 u) 

100 

0.5 (100 n) 



16 

9.00 A.M. 

0.5 


0.5 


' Sexual skin ’ very red 


5.00 P.M. 

0.5 

100 

0.5 

100 

and swollen 

17 

9.00 A.M. 

0.5 


0.5 




4.30 p.M. 

0.5 

100 

0.5 

100 


18 

9.00 A.M. 

0.5 


0.5 




5.00 P.M. 

0.5 

100 

0.5 

100 


19 

9.00 A.M. 

0.5 


0.5 


‘ Sexual skin ’ phenomena 


5.00 p.M. 

0.5 

100 

0.5 

100 

at maximum 

20 

9.00 A.M. 

0.5 


0.5 




5.00 P.M. 

0.5 

100 


100 


21 

9.00 A.M. 

0.5 


0.5 




4.30 p.M. 

0.5 

100 

0.5 

100 


.22 

9.00 A.M. 

0.5 


0.5 


850 R.U. in each during 


5.00 P.M. 

0.5 

100 

0.5 

100 

the last eight days 

23 

9.00 A.M. 

0.5 

50 

0.5 

50 

Killed for histological 

Total, 

1005 


1065 

study 
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By the end of the second week of the experiment this had 
increased in intensity and had spread to the inner surfaces of 
the thighs and to the buttocks around the ischial callnses. 
The skin ventral to the vulva had a swollen or ^pouchy’ ap- 
pearance. On the twenty-second day of injections the red- 
dened area was roughly circular, with an average diameter 
of 10 cm. The pouched or swollen skin ventral to the vulva 
was roughly triangular in shape, with a blunt apex toward 
the vaginal opening. In monkey 2E the base and altitude of 
this triangular area were 4.5 X 5-5 cm., while in monkey SS 
these were 2.25 X 4.5 cm. In control monkey SL and in three 
other young animals of nearly the same body weight there 
was no sexual differentiation of the skin of this region, the 
skin being tight and colorless. 

Smear preparations of the vaginal contents of the injected 
animals during the latter half of the experiment showed in- 
creasing numbers of epithelial cells and decreasing numbers 
of leucocytes. The proportion of partially and completely 
cornified to nucleated epithelial cells increased during the 
latter half of the experiment. These results are similar to 
those obtained in ovariectomized adult monkeys. 

Postmortem findings 

Measurements of uteri. The three animals were killed for 
further histological study on March 23, 1927. In the experi- 
mental animals the uterus was hyperemic; in the control, 
anemic. Measurements were made of the diameters of the 
body of the uterus before removal of the organ and of the 
cervix after the genital organs had been dissected out. ddiese 
measurements are listed in table 3. 

A first control measurement of the body of the uterus 
(8.5 X 5.5 mm.) was obtained from animal LB at postmortem 
examination and a second control (11 X 7-5) from SS at 
ovariectomy. Compared with these, the average of the two 
postmortem measurements of injected animals SS and 2E 
(14 X 10.5 and 14 X 10 mm.) indicates an increase of slightly 
more than 4X3 mm. in diameter. There was an increase of 
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3 ><^ 2.5 mm. in the uterus of monkey SS at the end of injec- 
tions. In making this comparison, however, it should be 
noted that an eleven-day period of ‘castrate atrophy’ inter- 
vened between ovariectomy and the beginning of injections. 
The increase in cross-section area would of course be more 
than three times the increase in average diameter. Table 3 
should be compared with tables V and XIX (Allen, ’27) in 
which are listed measurements of uteri of mature animals. 

Measurements of the cervices (table 3) show the average 
diameter of the injected animals to exceed the control by 
6.5 mm. 


TABLE 3 

Measurements of diameter of uteri and cervices of control and 
experimental animals 


MONKEYS 

UTEEXJS 

OBRVIX 

REMARKS 

LE, control 

mm. 

8.5 X 5.5 

mm.. 

11.0 X 9.5 

Normal, no injections 

2E, injected 

14.0 X 10.5 

17.0 X 15.0 

After injections 

SS, control 

11.0 X 7.5 

— 

Before injections at ovariectomy 

SS, injected 

14.0 X 10.0 

18.0 X 17.0 

After injection at postmortem 


Weights of endocrine glands. After removal of the repro- 
ductive organs, other endocrine glands were removed, 
trimmed of excess connective and adipose tissue, weighed, 
and fixed for histological study. These weights are listed in 
table 4. 


TABLE 4 

Weights of endocrine glands in grams 


GLANDS 

LE (control) 

SS (OV.AEIEOTOMIZED, 
INJECTED) 

2b (normal, 
INJECTED) 

Two ovaries 

0.224 


0.092 

Left suprarenal 

0.393 

0.330 

0.339 

Eiglit suprarenal 

0.326 

0.284 

0.263 

Thyroids 

0.252 

0.260 

0.402 

Pituitary 

0,059 

0.045 

0.046 

Thymus 

4.31 

2.71 

1 

2.41 
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There is no significant diJffereiice in weights of suprarenal, 
pituitary, or thyroid glands of control and injected animals. 
The thymus glands and ovaries do, however, sliow significant 
weight cliff erenees. The thymus glands of injected animals, 
both the spayed and normal, are much smaller. This is in 
accord with the observations of Laqueur, Hart, and He J ongh 
(’26) upon decrease in thymus weights in rats which had 
been injected with ‘menformon.’ Arvin and Allen (’28) have 
confirmed this in dogs. The involution of the thymus has 
apparently been hastened in these two monkeys bj’^ injections 
of ovarian hormone. 

The difference in weights of the ovaries is further sup- 
ported by their sizes after fixation. An average for control 
ovaries was 7.5 X 5.1 X 3.8 mm., for those of injected animal 
2E, 5 X 1-9 X 2.2 mm. These comparative weights and 
sizes seem to indicate a harmful effect of injected hormone 
upon the ovaries. This phase of the experiment will be dis- 
cussed later after a histological description of the ovaries. 

Histological examination of effects of injections 

The mammary glands were removed, fixed in formalin, 
stained with dilute haematoxylin, and mounted as whole 
preparations, the nipples first being clipped off for study in 
sections. Sections were made of the reddened ‘sexual skin’ 
and the swollen areas ventral to the vulva. Gross-sections 
’were made through the vaginal wall, the body of the uterus, 
the uterine tube at several levels, and the nipple. Sagittal 
sections were made through the cervix, and the ovaries wore 
sectioned serially. 

The sexual shin. The histology of the reddened and swollen 
‘sexual skin’ of the mature monkey has been studied by 
Collings (’26). He concluded that the reddening was due 
to engorgement of the superficial blood vessels supplying this 
locality and that the swelling or ‘pouching’ was due to modi- 
fied structure of the subepithelial tissues. 

The skin and subcutaneous tissue down to the rectus ab- 
dominis muscle through the region of the ‘pouching’ was 
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4 mm. thick in control animal LE, as compared with 9 to 10 
mm. in spayed injected animal SS and 12 to 13 mm. in normal 
injected animal 2E. These measurements were made after 
dehydration of the tissues, which produced considerable 
shrinkage. The other measurements of these swollen areas 
taken from the living animal have already been recorded. 

The epithelium of these regions of the injected animals 
was composed of about twice as many layers of cells as that 
of the control (LE, control, 4 to 5; SS, spayed injected, 7 to 9, 
and 2E, normal injected, 8 to 10 layers). The sweat and 
sebaceous glands of the ‘sexual skin’ seemed to be more 
highly developed in the injected animals. The greatest 
change was apparent in the increased amounts of loose- 
meshed connective tissue containing extensive deposits of fat. 

The vaginal tvall. Control monkey LE had a vaginal epi- 
thelium which varied from four to eight layers in thickness 
(fig. 1). In some regions it was quite heavily infiltrated with 
leucocytes. Occasional mitoses were found in the basal layer, 
the plane of division being parallel to the basal membrane. 
There was no distinct stratum corneum. Leucocytes occurred 
more frequently in the outer layer. There were a few small 
epithelial bulbs growing down into the connective tissue (left 
center of fig. 1). 

Injected ovariectomized animal SS had a vaginal epithelium 
which varied from twenty-six to sixty layers in thickness 
(fig. 2). There was a lower zone which stained darkly and a 
superficial zone composed of cells with pyknotic nuclei which 
had lost most of its affinity for basic stain. The cells of the 
superficial layer were much flattened and partly eornified. 
The basal border was indented between many epithelial bulbs 
and contained many cells undergoing mitotic division. Figure 
20 shows the tip of one of these bulbs which contained an 
anaphase, two telophases, and several prophases of mitosis 
in a very limited area. 

Normal injected monkey 2E also had a thick vaginal epi- 
thelium which was differentiated into two zones, although the 
distinction was not marked in some regions. The epithelium 
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averaged about thirty cells in thickness (fig- 3). Mitoses oc- 
curred frequently in the basal layers. Figures 1, 2, and 3 
were all photographed at the same magnification (X 85) and 
are therefore directly comparable. 

The cervix. Control monkey LE. The low stratified vagi- 
nal epithelium was continued around one side of the lip of 
the external os, where it made an abrupt transition to the 
single-layered epithelium of the cervical canal (fig. 4). This 
epithelium was quite heavily infiltrated with leucocytes and 
quite folded and indented by gland pits. In some regions the 
epithelium was low columnar, in others cuboideil. The glands 
were not well developed. 

Spayed injected monkey SS. The thick stratified, partly 
cornified vaginal epithelium’ did not extend into the opening 
of the external os of the cervix (fig. 6). The single-layered 
epithelium of the cervical canal was very high columnar. It 
appeared pseudo stratified in many regions. It was very 
heavily infiltrated with leucocytes. In many regions this epi- 
thelium had the ‘brush border’ characteristic of the epididy- 
mis. The glands were very well developed, and formed deep 
single pits or were branched at the ends. Heavy streams of 
polymorphonuclear leucocytes were present in the lumina of 
the glands and in the cervical canal. Some of the deeper 
glands were distended with secretion and comparatively free 
from leucocytes. 

Normal injected animal 2E, The cervical glands were also 
well developed in this animal (fig. 5) but not so highly de- 
veloped as in animal SS. 

Figures 4, 5, and 6 are earner a-lucida drawings made at 
the same magnification to show the relative development of 
the cervix, the thickness of the cervical epithelium, and the 
development of the cervical glands in control and experi- 
mental animals. Note the tortuous cervical canals. 

The tody of the uterus. Control animal LE. This uterus 
was small and anemic (see measurements listed in table 3). 
The lumen was slit-shaped and the glands were short and 
poorly developed. The epithelium of the deeper parts of 
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the glands was intact and contained occasional mitoses. The 
surface epithelium, however, was low cuboidal and distinctly 
degenerate in appearance in many regions (fig. 10). The tips 
of some of the folds of the endometrium were distinctly de- 
generated. It should be recalled that this uterus is from a 
normal immature monkey. This animal had consequently 
never menstruated and, judging from the body weight, the 
first menstrual period would probably not have occurred for 
six to twelve months. Consequently, these degenerative 
changes are probably not connected with menstrual processes. 

Spayed injected animal SS. The uterus was much larger 
(table 3), the endometrium thicker, and the muscular walls 
very much better developed. The surface epithelium was 
clearly defined and showed no signs of degenerative changes. 
The glands were extremely long and showed considerable coil- 
ing and branching in the tips next to the internal muscle layer 
(figs. 8, 11, and 13). Mitoses were very frequent in both the 
surface epithelium and the glands. Figure 13 shows an area 
which contained five mitotic figures in a single section of a 
gland tip. 

Normal injected animal 2E. The uterus of this monkey 
was even larger than that of spayed injected animal SS. The 
endometrium was thicker and the surface epithelium much 
greater in extent, having been thrown into rather high folds 
which made an irregularly shaped lumen (fig. 9). There was 
a narrow zone of lighter connective tissue underlying the 
epithelium which is very clearly shown in figure 9. The dark 
line marking it off was due to the subepithelial net of blood 
vessels. No very large blood vessels were to be found super- 
ficial to this line. It was present but less clearly defined in 
the uterus of animal SS (fig. 8). The glands of this endo- 
metrium had also begun to coil at the tips, as shown in figure 
12. The incidence of mitoses was extremely high, as shown 
in figure 14 where at least nine can be counted in a single 
section of the tip of one gland. 

The photogTaphs of the uterus were all taken at the same 
level and at the same magnification (X 8), and are therefore 
directly comparable as to size. 
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The uterine tubes. Control tubes are represented by two 
specimens from normal animal LE and one tube from animal 
SS removed at the time of ovariectomy before injections were 
begun. Both showed a low columnar epithelium with a gen- 
eral absence of cilia (figs. 15 and 16). 

Spayed injected animal SS. The second tube removed from 
this animal at the end of the series of injections showed a 
higher columnar epithelium in which mitoses were much more 
frequent. In some regions cilia appeared, while adjacent cells 
remained non-ciliated. (Compare fig. 17 with 16, the other 
tube from this same animal before injections.) 

Normal injected animal 2E. The tubal epithelium of this 
animal was quite evenly ciliated, as shown in figures 18 and 
19. Figure 18 is taken from a region in which a few droplets 
of secretion appear among the cilia, indicating the beginning 
of secretory activity by some of these epithelial cells. 

The ovaries. Control ovaries are represented by two pairs 
from, animals LE and SS. They showed a large number of 
follicles (approximately twenty) at a moderate stage of 
growth and distention with liquor folliculi. As would be 
expected, no corpora lutea were present. Sections through 
the longitudinal axes are shown in figures 21 and 22. The 
whole cortex of these normal ovaries was heavily laden with 
small follicles (primary ova). They were so abundant that 
any attempt at an estimation of their number would be ex- 
tremely difficult (fig. 24). 

The two ovaries of injected animal 2E were much smaller 
than the controls (see table 4 for weights). A further im- 
pression of the relative size may be had by comparison of 
figure 23 with figures 21 and 22, all of which are median 
sections through the longest dimension of the ovaries. The 
number of moderately well-developed follicles was about one- 
half (ten) that of the control, and the follicles were less well 
developed than in the control ovaries. The cortex of the 
ovaries from the normal animal contained relatively few 
primary ova. Comparison of figures 24 and 25 brings out 
this difference clearly. 
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4 mm. thick in control animal LE, as compared with 9 to 10 
mm. in spayed injected animal SS and 12 to 13 mm. in normal 
injected animal 2E. These measurements were made after 
dehydration of the tissues, which produced considerable 
shrinkage. The other measurements of these swollen areas 
taken from the living animal have already been recorded. 

The epithelium of these regions of the injected animals 
was composed of about twice as many layers of cells as that 
of the control (LE, control, 4 to 5; SS, spayed injected, 7 to 9, 
and 2E, normal injected, 8 to 10 layers). The sweat and 
sebaceous glands of the ‘sexual skin’ seemed to be more 
highly developed in the injected animals. The greatest 
change was apparent in the increased amounts of loose- 
meshed connective tissue containing extensive deposits of fat. 

The vaginal tvall. Control monkey LE had a vaginal epi- 
thelium which varied from four to eight layers in thickness 
(fig. 1). In some regions it was quite heavily infiltrated with 
leucocytes. Occasional mitoses were found in the basal layer, 
the plane of division being parallel to the basal membrane. 
There was no distinct stratum corneum. Leucocytes occurred 
more frequently in the outer layer. There were a few small 
epithelial bulbs growing down into the connective tissue (left 
center of fig. 1). 

Injected ovariectomized animal SS had a vaginal epithelium 
which varied from twenty-six to sixty layers in thickness 
(fig. 2). There was a lower zone which stained darkly and a 
superficial zone composed of cells with pyknotic nuclei which 
had lost most of its affinity for basic stain. The cells of the 
superficial layer were much flattened and partly eornified. 
The basal border was indented between many epithelial bulbs 
and contained many cells undergoing mitotic division. Figure 
20 shows the tip of one of these bulbs which contained an 
anaphase, two telophases, and several prophases of mitosis 
in a very limited area. 

Normal injected monkey 2E also had a thick vaginal epi- 
thelium which was differentiated into two zones, although the 
distinction was not marked in some regions. The epithelium 
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plasm remained. The cell membrane was very indiKstinct. 
The arrangement of the siirrouiiding follicle cells was com- 
pletely disorganized. 

This follicle illustrates three progressive stages of elimi- 
nation of ova from polyovular follicles. I have not seen a 
description of this process in a follicle so far advanced in 
development as the one described. 

Another type of follicular atresia which was present in all 
the ovaries of this series, but much more marked in the 
ovaries of injected animal 2E, is illustrated in figures 27 to 29. 
These structures appear to be atretic follicles which have 
collapsed or been flattened after reaching a considerable stage 
of development with formation of liquor folliculi. The right- 
hand structure in figure 28 contains a degenerating ovum in 
its center, while that on the left still has a small lake of liquor 
folliculi. It is hard to determine whether the scar repre- 
sents a transformed follicular epithelium or a modified theca. 
The cells are often spindle-shaped and similar to typical con- 
nective-tissue cells. Figures 27 and 29 show advanced stages 
of this same sort of atresia. These scars are interpreted as 
flattened remains of follicles which presumably were formerly 
moderately well developed.'^ Their high incidence in the 
ovaries of injected animal 2E would account for the great de- 
crease in number of moderately large follicles so obvious in 
comparison of figure 23 with figures 21 and 22. 

The mammary glands. There is considerable variation in 
the growtli of mammary glands of immature monkeys. Con- 
sequently, it seems desirable that, where injection effects are 
under consideration, one gland be used for a specific control 
and the other for an experimental gland. Figure 35 is a 
camera-lucida silhouette of a flat mount of the left gland of 
animal SS removed at the time of ovariectomy. It is com- 
posed of seven major ducts which branch freely and 
altogether have approximately 1000 terminal alveoli. After 

The literatuie on atretic follicles is so great that I have been unable at this 
time to search extensively for descriptions .of this type of atresia. I have not, 
however, seen this latter type described. ’ 
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removal of the control gland, there was a period of twelve 
days before injections were begun during which some cas- 
trate atrophy might have been expected. The second (right) 
mammary gland was removed thirty-three days after the first 
at the end of a twenty- one-day series of injections, during 
which 1065 rat units of ovarian hormone were injected (fig. 
36). A small section of this gland was clipped out for histo- 
logical study. The remainder had approximately 2300 ter- 
minal alveoli, more than twice the number in the control. 

The epithelium of the nipple of the experimental gland was 
somewhat thickened. For comparison with injection effects 
upon the mammary glands of mature animals, reference is 
made to figures 44 to 51 and text figures A to D (Allen, ’27). 

SUMMARY OF HORMONE EFFECTS 

1. More than 1000 rat units of ovarian hormone were in- 
jected into each of two monkeys; a third of the same body 
weight served as a control. One was normal with ovaries 
intact, the second was ovariectomized before injections were 
begun. 

2. Reddening and swelling of the ‘sexual skin’ was induced 
in both normal and spayed immature monkeys. 

3. The ovaries and the thymus glands of injected animals 
weighed much less than those of the controls. No significant 
weight differences were noted in other endocrine glands. 

4. The epithelium of the vaginal wall was greatly thickened. 
Rapid hyperplasia was indicated in the basal layers. 

5. Cervical and uterine measurements indicated consider- 
able growth in the uterus. Sections show greatly thickened 
endometrium, hyperplasia of surface epithelium and glands, 
and proportionate development of the muscular walls. 

6. The tubal epithelium of the control monkeys was for the 
most part non-ciliated. In the spayed injected animal there 
are frequent patches of rudimentary cilia. In the normal 
injected animal ciliation is quite uniform and secretion drop- 
lets are present in some regions. 
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7. The ovaries of the injected animal were mncli smaller 
than those of the controls. They coiitainecl relatively few fol- 
licles — ^both primary and moderately well-developed follicles 
with liquor-folliculi formation. The incidence of polyovnlar 
follicles was high. A polyovular follicle quite far advanced 
in development containing four ova in successive stages of 
atresia is described. A second type of atresia interpreted as 
flattening’ or collapse of formerly moderately large follicles, 
resulting in an unusual sort of scar formation, is described. 
The incidence of these peculiar follicle scars is higher in the 
ovaries of the normal injected animal and may account for 
the smaller number of moderately large follicles in these 
ovaries. 

8. There was growth in the right mammary gland of the 
spayed injected animal, resulting in more than twice the num- 
ber of terminal alveoli as had developed in the left (control) 
gland. 

CONCLITSIONS 

1. Ovarian hormone is responsible for ‘sexual skin’ charac- 
teristics ill monke 3 ''s. 

2. Its principal action is to induce growth of the genital 
tract and mammary glands. 

3. There seems to be a speciflic inhibitory effect upon the 
thymus gland. No significant weight dilferences were noted 
in other endocrine glands. 

4. In this concentration and over this period of time this 
hormone apparently inhibits growth of follicles (botli mod- 
erately well-developed and primary) and accentuates the proc- 
ess of selective elimination. (More animals should ])o used 
before this conclusion is considered definite.) At least, there 
is no evidence from these experiments that this ovarian hor- 
mone should be used in human cases of infantilism. 
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PLATE 1 

EXPLANATION OP FIGURES 

Figures 1, 2, and 3 Gross-sections of vaginal walls at a inagnifleation. X 85. 

1 Normal control monkey LE. Very thin epithelium four to eight cells in 
thickness with few epithelial bulbs and only occasional mitoses. 

2 Spayed injected monkey SS. Very thick epithelium differentiated into 
two zones having many epithelial bulbs and many mitoses in the basal layer 
(see flg. 20). 

3 Normal injected monkey 2E. Thick vaginal epithelium, similar to that of 
spayed monkey SS, but not so •well developed. 
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PLATK 2 

EXPI4ANATION OE FIGURES 

Figurea 4, H, iiud (i (jiuiKn-R-lueida drawings of sagittal sc'cdiona of the (‘crvix 
in control and experiniental aninuils, drawn at a inagiutication X H and reduced 
to X 4. 

4 Normal control monkey LE. 

5 Normal injected animal 2E. 

C Spayed injected animal SS. 
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PLATE 3 

EXPLANATION OP FIGURES 

Figures 7, 8, and 9 are sections through the body of the uterus below the junc- 
tion of the uterine tubes. Magnification X 8- 

7 Control animal LE. Uterus small and anemic, lumen slit-shaped, glands 
poorly developed. 

8 and 9 Spayed injected animal SS and normal injected animal 2E. Much 
thickened endometrium with'clearly defined surface epithelium and well-developed 
glands which have grown until they have begun to coil and branch at their tips. 
Note the contrast in development of the muscle layers of the uterine walls with 
those in figure 7. 
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KXl'LANATION 01'’ I'’K!UIiK.S 

Piguros 10, 11, iind 12 Swi.ioiiH <if tlio ondonu'trhii)!, Hhowitig liigluir 
nifieutioii (X 8f5) of liguroH 7, 8, and !), rt'Hpoc, lively. 

10 Control monkey LE. Glaiula Hinall lint compoafal of norniul eolnmnar epi- 
tliolium contuining some mitotic figuroa. Burfuee tipitlielium low eiihoidal and 
with degenerate appoaranee in many regions. 

11 and 12 Spayed injected monkciy SS and normal injected monkey 2E. Tips 
of greatly elongated glands shown in Jigm’(‘s 8 and 9, respectively. 
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EXPLANATION OP FIGURES 

Figures 7, 8, and 9 are sections through the body of the uterus below the junc- 
tion of the uterine tubes. Magnification X 8. 

7 Control animal LE. Uterus small and anemic, lumen slit-shaped, glands 
poorly developed. 

8 and 9 Spayed injected animal SS and normal injected animal 2E. Much 
thickened endometrium with’elearly defined surface epithelium and well-developed 
glands which have grown until they have begun to coil and branch at their tips. 
Note the contrast in development of the muscle layers of the uterine walls with 
those in figure 7. 
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KXlMiANATION Ol*' FliiUltlOH 

ul, liiJ, ulul till HwtiiiUH uf oviU'loH thnmjjfli llui g'i'i‘!iit'si, diauu'ii'rs; niiiffuilit*!!.- 
tion X 13- 

lil iuhI 22 luirmal uojifcrol (ivarios from iiionki'y.s SB (Ixifori,- injet'- 
tiniia) and LF; fi^nire 22 is t'rnm injoetnd iitirinal nu)uk(>y 2F. Nuti' tin' differ- 
eiK'e ill numbi'r and dojifreo of develojiineiit ol; moderately largt* folllt'leH, 
24;and2f) SectioiiH of normal ovary of monkey SB (from (ij^. 21) and injeetcd 
monkey 2E (from fig. 2;i) at. a liiglnir magnilieatioii (XH.T) to hIiow tlie great 
coiitraat in the numher of aniall folliek-a (primary ov;i). 









I ’[.ATE !> 

KXn.ANATION Ot’ VKHIUKS 

l!5 Whole mount of loft, nmmmary gland aft<‘r ronmval of the nipple*, from 
animal RS at the time of removal of the ovarioH; mounted flat. 

.'It) Eight mammary gland from tlie aaim? animal thirty-thrc'o dayst later, after 
injeetion of lOflo r.at units of hormone. 'Phere are .'ijtiiroximalely iwiee ros many 
terminal alveoli in this gland. 
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author’s abstract 

This peritrichous ciliate lives as an ectoconiinensal on the skin and gills o£ anurari 
tadpoles. Its relation to described species of Trichodina is doubtful. This study was made 
almost exclusively on fixed and stained material. Binary fission is similar to that in other 
ciliates. The horseshoe-shaped macronucleus condenses, then divides amitotically. The 
single small micronucleu.s forms a spindle containing between four and six chromosomes. 

Endomixis is of high incidence in the free-living Trichodinae. Encystment was not 
observed. At the onset of endomixis, the maeronueleus disintegrates into fragments which 
persist throughout the process. The rhicronueleus undergoes three rapidly succeeding 
mitotic divisions to form eight nuclei. There is no evidence of chromosome reduction during 
these divisions. Seven of the nuclei differentiate into macrouuclear anlageu; the eighth 
becomes the functional micronucleus. Successive cell divisions — before each of which the 
micronucleiia divides — distribute macronuclei to daughter cells. Variations from the regular 
process of endomixis may arise, 1) hy precocious division of endomictic parents; 2) by 
extra divisions of the micronucleus; B) by less than the usual number (three) of divisions of 
the micronucleus: 4) by hypertrophy and early differentiation of the micronucleus into 
macronuclei; 5) by unusual segregation of nuclei to daughters, and, 6) from miscellaneous 
causes. 

The significance of these variations is discussed in connection with the possible origin of 
bimicronucleate and amicronueleate races. 
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INTRODUCTION 

Kiidomixis iu ciliates Idim opened an attractive tield for in- 
vestigation since tlui classic work of Woodruff and J^Jrdmalm 
(’14), describing and intei’preting tlui cytological details of 
the process in Paramecium aurclia. It was suspected at that 
time that tliis |)henomenon was of general occurrence in the 
Infusoria. However, the literature dealing with the morpho- 
logical changes during endomixis is exceedingly meager. Erd- 
mann and Woodruff ( ’16) extended their previous observa- 
tions with an account of endomixis in 1^. caudatnm, showing 
that it .corresponded closely to the same phenomenon in 
P. aurelia and that the essential difference between conjuga- 
tion and endomixis was the fact of synkaryon formation in 
the former x>i‘ocess and its absence In tlu^ latter. Probably 
some of Hertwig’s (’89) conjugation stages of P. aurelia were 
really isolated cases of endomixis. Kecently, Erdmann (’27) 
described endomixis in P. bursaria and stated that the xnmcess 
was similar to that in Ib caudatnm, ])nt few details were 
given. Woodruff and Spencer (’23), in a brief pa|)er de- 
scribing P. polycaryiim, sp.nov., mention the occurrence of 
endomixis in this species. Calkins (’15) showed one figure 
of endomixis in Didinium nasutum and later ( ’19 ) announced 
the discovery of endomixis in lJrole|)tus mobilis while the 
animals were encysted. Moore (’24 a) described and figured 
endomixis in Spathidium Sfiathula, also during encystment. 
She states in another jiaxier (’24 b) — without giving any fur- 
ther dcscri})tion — that ‘Mher(^ are sevnral indications that 
Blepharisma, like Paramecium, undergoi^s ])eriodic nuclear 
reorganization during vegetativ(‘ lifm” Klee (’26) has intin'- 
preted as endomixis a reorganization ])rocess which oe,c,urs in 
both the active and encysted stages of Eiijilotcjs longipes. 
The new macronucleus was described as lioing reconstituted 
from part of the old macronucleus. Since micronuclear an- 
lagen which should build a new macronucleus were not found, 
this account seems incomplete. Permor (’13) described in 
the cysts of Stylonychia pustulata a process of nuclear reor- 
ganization which involves autogamy and is therefore not to 
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be interpreted as endomixis. His findings have not been con- 
firmed. Recently, Manwell (’28) has described a nuclear re- 
organization, during encystment, in Pleurotriclia bifaria. He 
says: ‘‘A remarkable feature of encystment is the extrusion 
of the old macronuclei, and perhaps one of the micronuclei, 
through the cyst wall. After this has happened the normal 
nuclear complex is rebuilt from the single micronucleus re- 
maining. Whether the presence of the latter is regularly due 
to the extrusion of the other micronucleus from the cell, or 
to the fusion of the two original micronuclei is not altogether 
certain. ’ ’ 

This extrusion of nuclear material reminds one of the ‘bud- 
ding’ of Councilmania cysts. Ivanic (’28) has also reported 
a nuclear-reorganization process in the cyst of Chilodon 
uncinatus. Although some of Ivanic ’s interpretations may 
be doubted, it is clear that extensive nuclear changes of an 
endomictic nature occur in this ciliate. 

The present studies have been undertaken in order to con- 
tribute to the information relating to the details of endomixis, 
as exhibited in the Trichodina from tadpoles. The following 
is the first account of endomixis in the peritrichs and, as far 
as the writer is aware, the first description of endomixis in an 
associated ciliate. 

For some of the slides used in this work, for valuable 
assistance in studying and interpreting intricate morphologi- 
cal details, and for his constant encouragement, I am most 
deeply indebted to Dr. D. H. Wenrich. I also wish to express 
my thanks for facilities provided by Prof. Mitchel Carroll 
while the writer was associated with the Department of Biol- 
ogy at Franklin and Marshall College, where much of the 
work was done. 


MATEEIALS AND METHODS 

The subject of these studies is the Trichodina which lives as 
an ectocommensal on the skin and gills of anuran tadpoles. 
All the species of tadpoles examined (Rana catesbiana. 
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K. elaniitaiiK, B. ])aliiBtriR, R. sylvatica, R. pipieius, and Biifo 
8p.S]).) harbored at leawt Kome Trichodiiiac^ Tlua'e was ap- 
pareatly no host speeiii{aty in la'lalJon to tlu^ tadpoles. No 
indications of a strictly parasitic relationship htdween the 
Trichodina and the tadpoles were ohstn-ved, althongh it was 
noticed that the smaller tad{)oles often snp|)oi‘ted a it:*’reater 
X^opidation of Trichodina than the larger ones. This small 
size, however, cannot he construed as positive evidence of a 
pathogenic effect on tlie part of the Trichodina. 

Tadpoles were collected from two general sources : 1) jjonds 
and streams in. the vicinity of Philadelphia and, 2) x^onds in 
the environs of Lancaster, Pennsylvania. The Trichodinae from 
these two sources were found to agree' in tlieir specilic'. identity, 
although they were I'acially different. The Pliihuh'lxdiia race 
of Trichodina was larger, had a greater numl)er of denticles 
in its corona and a smalhu* micronucleus than tlie Ijancaster 
race. On account of the larger micronucleus and the exceed- 
ingly heavy incidence of the Lancaster Trichodinae, they have 
been used almost exclusively as the matcjrlal for this pax>er, 
although the same type of rexrroductive ])heiiomeiia occurs in 
both groipos. ' 

The observations have been made on iixed and stained ma- 
terial. No serious attemx)ts have been made to culture Tricho- 
dina artilicially. In almost all castus tlu^ tadx)oles w(u.‘e used 
very soon after they had been brought into the laboratory, in 
order that tlni Tricliodiiia on them might Tie Iixed under as 
nearly natural conditions as possible, d^he int(*rmd gills were 
expostid, extracted, pd^riul in a vsmall drop of wai;er on a 
cover-slip, and teased apart with needles. The <*, over-slips 
were then inverted (.into the sni-fat'e of the hxa,tive. ddiese 
operations were performed as rapidly as possible, since the 
body fluids of the host are exceedingly toxic to tlic Tricho- 
dinae. The gills were regularly used, in preference to the 
skin, on account of the convenience in handling and because 
the albuminous material expressed from them helped to 
fasten the Trichodinae closely to the cover-slip. Generally, 
two slides were procured from. each tadpole — one from each 
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set of gills. About 750 preparations of this kind were made. 
Warm and cold Schaudinn’s fluid, with and without acetic 
acid, a modification of Bouin’s fluid, weak and strong Flem- 
ming’s, Zenker’s, and Hollande’s fluids were used as fixatives. 
The preparations were stained with Heidenhain’s iron haema- 
toxylin, Mayer’s haemalum, Delafield’s haematoxylin, or 
Mallory’s triple stain and sometimes counterstained with 
orange G or eosin. The best results were obtained by fixing 
in warm Schaudinn’s fluid plus acetic acid, staining with Hei- 
denhain’s iron haematoxylin, and counterstaining with 
orange G. 

OBSEEVATIONS 

A. General morphology and taxonom.y 

For a thorough review of the literature relating to the 
structure and systematic position of Trichodina, the reader 
is referred to Fulton’s (’23) admirable paper. Trichodina 
has been classified by Calkins (’26) as follows: Subphylum 
Infusoria, Class Ciliata, Order Peritrichida, Family Vorti- 
cellidae, Subfamily Urceolarinae. 

In shape the Trichodina from tadpoles resembles a turban 
with a narrow thick brim (fig. 2). The Lancaster race aver- 
ages about 35 n in diameter. The height of the turban is 
subject to considerable variation, depending on the sub- 
stratum and the degree of activity of the animals. The base, 
by means of which the Trichodina glides specter-like over its 
host, is modified into an attaching structure, the sucking disk. 
Leaving aside the theoretical derivation of the dexiotropic 
adoral zone of cilia in the majority of the peritrichs and the 
attempted explanation of the apparent longitudinal division 
in forms like the Vorticellidae (Butschli, ’86, and Calkins, ’26), 
descriptions in the following account will refer to the func- 
tional surfaces of the animal. The surface which functions 
as the attaching disk will be designated as the proximal side, 
the crown of the ‘turban’ as the distal surface, the side on 
which the mouth is located, the oral surface, and the side 
opposite the latter as the aboral surface. Extending from 
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tlie edge of the iittachiiig disk is a narrow, almost transparent, 
meml)rane-like striieture, tlie velum (fig. 2, vel.). Near tlie 
base of the velum lies the circle of basal grannies for the 
X)roximal wreath of cilia (lig. 2, pr.z.). These cilia are very 
long and numerous. 

The distal surface is bounded by a tloiible row of cilia (fig. 2, 
aiLs.) wliich commences near the mouth, traverses the vesti- 
bule, and thence winds around the body in a counterclockwise 
direction — wlien the observer is looking at the proximal side — 
and ends slightly distal to the vestibular opening. The vesti- 
bule (figs. 3 and 4, u) is a spacious funnel-shaped cavity which 
inclines toward the side and communi(',ates with the gullet 
through the cytostome (figs. 3 and 4, o); the gullet (figs. 3 
and 4, ^), an elongated passage, narrowing as it progresses 
inward and reaching to about the center of the body, takes a 
sharp turn at the place where it adjoins the vestil)ule. The 
food, apparently, consists exclusively of bacteria. The food 
vacuoles (figs. 1 and 3, f.v.) are spindle-shaped and limited 
to the central endoplasm. There is a single large contractile 
vacuole (figs. 2 and 4, c.v.). 

Probably the most conspicuous feature of the fixed and 
stained Trichodinae is a ring of denticles, known as the corona 
(figs. 1 and 2, C). It lies just inside the concave attaching 
disk. The chemical nature of the sul)stance comx)osing the 
corona is not known. 33ie rigidity and conciomitant flexil)ility 
reqidred of tlui attacliing disk by which the animals adhere 
to and cre(q) along irregular surfac.iis a, re sui»X)li{al by tlie 
corona. It consists of a number of siqiarate denticles which 
;fit so closely into one another as to give, sometimes, the ap- 
pearance of a solid structure. Kacb denticle is equi]ix>ed with 
two projections, a Tiook’ which extends xieripherally or out- 
ward, and a ' ray, ’ pointing centrally or inward. The number 
of denticles in the coronas of different individuals varies con- 
siderably. The smallest number observed in an adult animal 
was fifteen, while the largest number was thirty-four. It is 
likely that this number fluctuates about a single mode and 
that there are no racial differences involved in this variability. 
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For example, the numbers of denticles in the coronas of 372 
individuals from one host were counted and the mode for this 
population was found to be twenty-one. The results are 
shown in the following table : 

Number of denticles, 17 18 19 20 21 22 23 24 25 

Number of individuals, 1 2 28 85 122 80 41 8 5 

It was suspected that the number of denticles in the corona 
might increase, by interpolation, with the agu of the indi- 
vidual. That this possibility is not a valid one and that the 
number of denticles remains constant during the life of an in- 
dividual is suggested by further analysis of the above data. 
Of the 372 animals examined, thirty-five were recently di- 
vided individuals. In this group of thirty-five the largest 
class consisted of those individuals in whose coronas there 
were twenty-two denticles — a higher number than the mode 
for the entire population. 

Immediately above (distal to) the corona and separate 
from it, is a system of radiating lines which extend to the 
periphery (figs. 1, 2, 6, 25, and 44, r.s.). They, doubtless, lend 
additional support to the sucking disk. There are about five 
or six of these radial striations to each denticle. Very often, 
peripheral thickenings appear on alternate radiations 
(fig. 44). 

The nuclear apparatus consists of a large horseshoe-shaped 
macronucleus (figs. 1 and 2, M), the open end of which 
incloses the vestibule, and a single small micronucleus (figs. 
1 and 2, m). The macronucleus exhibits typically a hetero- 
geneous structure, perhaps best described as pocketed. With 
the Schaudinn fixation and the Heidenhain staining, numer- 
ous black granules of varying sizes and staining capacities 
appear suspended, inside little clear pockets, in a more faintly 
staining finely granular matrix. Haemalum-stained material 
gives a different effect. The matrix stains very much as it 
does by the Heidenhain technique, but the granules inside 
the pockets do not take the stain. It is quite evident, there- 
fore, that the material composing these granules is different 
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from the chromatin of the matrix. At times, during vegeta- 
tive existence, macronuclear material is found lying free in 
the cytoplasm. This represents material which has been ex- 
truded from thp surface of the macronucleus. Sometimes 
these extrusions are comparatively large fragments of the 
body of the macronucleus, while at other times they are merely 
the intrapocketal granules. 

The micronucleus, in the resting condition, appears vesicu- 
lar in structure and is generally ellipsoidal. It is regularly 
located near the end of the macronucleus, between it and the 
cell membrane (on the left as. seen in fig. l,m), but very rarely 
may be found lying on the opposite side of the body. All the 
chromatic material of the micronucleus is concentrated into 
a central endosome which is separated by a clear space from 
the delicate nuclear membrane. The entire vesicle measures 
somewhat less than 3 \i in length. Individuals possessing two 
mieronuclei (fig’. 3, m) and also individuals without any visible 
micronucleus have been found occasionally. The significance 
of these forms will be discussed later. 

Fulton (’23), in his review of the taxonomy of the genus 
Trichodina, recognizes only three species : T. pediculus 
Muller (Ehrb.), T. steinii Clap, et Lach., and T. urinicola 
Fulton. It is probable that the Trichodina from tadpoles is 
none of these species and so far, a search of the literature 
has failed to confirm its specific position. Accordingly, the 
species to which the Trichodina from tadpoles belongs must 
be left undetermined for the present. 

B. Binary fission 

Although a number of investigators have carefully de- 
scribed the behavior of the corona of Trichodina during divi- 
sion, the only description of the nuclear changes attendant 
upon division has been given in Eussian by Peshkowsky (’23) 
for T. steinii and T. mitra (Urceolaria mitra). Therefore, 
an account of the division phenomena of the Trichodina from 
tadpoles would seem to be desirable. When the animal is pre- 
paring to divide, the horseshoe-shaped macronucleus con- 
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denses to a more compact body. It loses its regular smooth 
contour and presents a rather wavy outline (figs. 4 and 5). 
Instead of being pocketed, its composition changes to a con- 
dition of fine uniform granularity. The staining capacity of 
the macronucleus, at this time, increases. As condensation 
progresses, the chromatin tends to become disposed in paral- 
lel strands so that the macronucleus has a somewhat striated 
appearance (fig. 5). The form of the macronucleus becomes 
more and more irregular, giving the impression of a thick 
twisted cloth. It may finally become so compact as to be 
almost spherical (fig. 7). At the time of its maximum con- 
densation, fragments from the macronucleus are often found 
scattered through the cytoplasm (figs. 5, 6, 7). Their signifi- 
cance is problematical. The macronucleus 'then divides, be- 
coming dumbbell-shaped (fig. 8), and then pulling apart into 
two halves (fig. 9). 

Probably the whole process of binary fission is initiated by 
the activity of the micronucleus. During the prophases it 
swells, becomes spindle-shaped, and reaches a maximum 
length of about 6 [j. The endosomal mass gives rise to the 
spindle, chromosomes, centrioles, and a centrodesmose. By 
the time the macronucleus has become finely granular and is 
just beginning to condense, a well-defined metaphase spindle 
has usually formed (figs. 4 and 6), although the synchrony 
of the division of the macronucleus and micronucleus is sub- 
ject to considerable variability, as an inspection of the figures 
will show. Chromosome counts are difl&cult to make on ac- 
count of the small size of the nucleus, but it is certain that 
the number is small — four, five, or six. During the 'anaphase 
the two groups of well-clumped daughter chromosomes sepa- 
rate and migrate toward the poles. As migration continues, 
a separation spindle forms (figs. 7 and 8), as it commonly 
does in ciliates, and within this the centrodesmose is fre- 
quently well defined. When separation is complete, the 
daughter micronuclei are about 12 |j apart. The separation 
spindle may persist until constriction of the cell body sets in. 
It is of some interest to note that material originally inside 
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the micronucleus and later composing- part of the separation 
spindle becomes liberated into the cytoplasm at each cell 
division. 

At the time when the macronnclens starts to constrict, the 
new definitive corona of the prospective daughters has made 
its appearance in the parent cell. There is a narrow, appar- 
ently unsegmented ring midway between the old corona and 
the circumference of the disk (figs. 6, 8, and 9, Ca). This ring 
is believed to contain the fundaments of the denticles for the 
coronas of the daughters. 

The history of the other cytoplasmic organelles during divi- 
sion was not followed with much assurance. Peshkowsky 
(’23). stated that “during- the process of division in Tricho- 
dina steinii and T. mitra the adoral zone, the throat and the 
contractile vacuole become absorbed. ’ ’ In the Trichodina 
from tadpoles, however, it is likely that the old cytopharynx 
undergoes some dedifferentiation and becomes the functional 
gullet of one of the daughters, while the aboral part of the 
old peristome differentiates into the new cytopharynx of the 
other daughter. 

Of some interest is the formation in the parent of a system 
of vacuoles (figs. 7 and 9, vac.) lying near the aboral surface 
in the plane of constriction, one of which inaintains a definite 
opening* to the outside through a short tube. It is suggested 
that these vacuoles serve to expedite constriction of the cell 
body by lessening the viscosity of the cytoplasm at that place. 
"Wliether any of these vacuoles develop into the functional 
contractile vacuole of one of the daughters was not deter- 
mined. The parental contractile vacuole probably persists in 
one of the daughters. 

The constriction of the cell body starts on the distal surface 
and continues proximally toward the attaching disk (figs. 9 
and 10). Division of this type is the rule in the vorticellids, 
if the stalked end of forms like Vorticella is regarded as ho- 
mologous with the disk of Trichodina. This apparent longi- 
tudinal division has been brought into line with the trans- 
verse fission in other ciliates by assuming a shift in polarity. 
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As the attaching disk is pinched into two, the old corona is 
divided into two parts in snch a way that each piece con- 
tains approximately the same number of denticles. In the 
daughters the broken ends round up so as to form almost 
complete circles again (figs. 10, 11, and 12, Ci). The periph- 
eral precoronal ring, which has likewise been divided between 
the daughters, segments and rapidly develops ‘hooks’ and 
‘rays.’ The number of denticles in the new corona is deter- 
mined at a very early stage in the life of the animal — some- 
times in the parent before division — and persists without 
change during its existence. About twice as many denticles 
are developed in the new outer corona as are present in the 
old inner half corona. Stein ( ’64) observed two-ringed speci- 
mens of Trichodina pedicnlus, apparently, and gave them the 
name Trichodina diplodiscus. The inner corona becomes less 
and less conspicuous and is finally resorbed, while the outer 
corona develops and takes its place. Just how long the old 
corona persists is not known. Probably the time is compara- 
tively short. Oases have been seen in which the new corona 
had been fully formed and the old one had practically dis- 
appeared before the separation of daughters had been com- 
pleted. The possession of two coronas, an outer one 'with the 
regular number of denticles and an inner one with one-half 
that number in it, is a very convenient criterion for identify- 
ing recently formed daughters. 

The daughter macronuclei at first are ellipsoidal and faintly 
staining. They generally contain a comparatively small num- 
ber of large granules, connected by a chromatinic meshwork, 
and lying in a clear matrix. As the ellipsoid lengthens into 
the curved adult nucleus, its chromaticity increases and the 
pocketed structure is regained (figs. 10, 11, and 12). 

C. Normal process of endomixis 

Under this term Woodruff and Erdmann (’14) described 
“a complete periodic nuclear reorganization without cell 
fusion in a pedigreed race of Paramecium.” “The internal 
nuclear phenomena comprise the formation of a complete new 
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nuclear apparatus of micronuclear origin.” Endomixis, as 
thus defined, was of very frequent occurrence, in tlie Tricho- 
dina from tadpoles. Scarcely a slide failed to furnish at least 
some stages in the process. That epidemics of endomixis 
occur in the population of Trichodina is sug'gested hy the 
observation that on a single slide more individuals are likely 
to he in a certain stage of endomixis than in other stages. 
Moreover, endomixis was more frequently encountered in the 
late spring, especially in June, than at any other time of the 
year. Whether the generally more favorable environmental 
conditions in the spring, for protozoan life, or the develop- 
mental habits of the tadpoles was the responsible factor, 
could not be determined. Endomixis takes place while the 
animals are in the free-living condition. No encystment has 
ever been observed. 

The onset of endomixis is characterized by the breaking up 
of the macronucleus (fig. 13, M'). In most cases the macro- 
nucleus breaks up completely by forming numerous spherical 
bodies of varying sizes. Each fragment represents an origi- 
nal pocket or pockets of the macronucleus, containing a deeply 
staining granule lying in a clear space surrounded by a 
finely granular chromatic shell. The outer part of these frag- 
ments disappears first, leaving behind the central granule 
surrounded by a faint halo. Finally, this loses its staining 
capacity and disappears also. These fragments, at the start 
of endomixis, are closely packed and preserve the horseshoe 
shape of the intact nucleus (figs. 13 and 40, M'). Later, they 
are carried by cytoplasmic currents throughout the entire 
endoplasm. In some cases the macronucleus breaks up into 
a relatively small number (two, three, four, or five) of large 
irregular pieces, each of which soon separates into the char- 
acteristic ‘haloed’ particles. The disappearance of the old 
macronuclear fragments is not complete until after the new 
nuclear apparatus has been fully reconstituted. 

The micronucleus migrates from its normal position — as 
it is seen in figure 1 (m) on the left side of the body near the 
vestibule — ^toward the aboral side of the animal (fig. 13, m). 
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Here it completes its first division. Figure 14 {m') shows a 
metaphase of this first division. This stage is difficult to iden- 
tify because the deeply staining macronuclear fragments tend 
to obscure the micronucleus. During the migration of the 
micronucleus, the endosome lengthens, becomes curved, and 
develops the spindle inside the nuclear membrane. The endo- 
mictic spindles are apparently similar to those occurring dur- 
ing binary fission, except that the former may be a little 
larger. The reaction of the cell, as a whole, to the division of 
the micronucleus is interesting. By the time a well-defined 
metaphase spindle has developed, a new corona is formed 
outside the old corona — as far as the observations go — even 
though the cell does not divide (figs. 14 and 15, C 2 and Ci). 
The old corona persists at least until the end of the second 
division and is then resorbed. This behavior suggests an 
abortive attempt at cell division which does not go to .com- 
pletion. The two nuclei resulting from the first division of 
the micronucleus immediately divide again, giving rise to 
four nuclei. Figure 15 shows two early anaphases of this 
division. These four nuclei are larger than the resting vege- 
tative nucleus and they have a deeply staining angular endo- 
some, prophetic of the third and last division. Figure 16 
{m') shows the four spindles in mitotic division. One is in 
early anaphase, while the other three are still in metaphase. 
The nucleus on the left side, nearer the vestibule, regularly 
divides before the rest. Figure 17 shows a later stage in the 
third division. The nuclei on the left have completed their 
division, while the two on the right are in early telophase 
stages. In the few^ cases in which it has been possible to 
count chromosomes, during endomictic nuclear division as in 
figures 16 and 27 (m'), the number was the same as in ordi- 
nary vegetative division. 

The final eigiit products of the micronuclear divisions are 
originally all apparently similar. Seven of them, however, 
rapidly differentiate into macronuclear anlagen, while one 
remains the functional micronucleus (figs. 18 and 19). These 
eight body stages are the ones most frequently found in the 
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study of endomixis. Characteristically, the nuclei are ar- 
ranged in two groups. Four nuclei are located on the right 
side of the body and the other four on the left side. The 
regular position of the functional micronucleus is shown in 
figure 18 (ma), where it is seen on the left side between the 
first and second macronuclear anlagen from the vestibule. 
Sometimes, however, it may be situated between the second 
and third anlagen and even, though rarely, on the opposite 
side of the body. The future functional micronucleus does 
not undergo any modification, but remains small and un- 
differentiated. 

Differentiation of the macronuclear anlagen is effected by 
increase in size and loss of chromaticity. They first enlarge, 
but retain their dense, deeply staining capacity. Very often 
they become lemon-shaped (fig. 18, M^) and there is always a 
clear space inside the nuclear membrane. In correlation with 
their further increase in size, the macronuclear anlagen lose 
their chromaticity. This is accomplished in a number of 
ways. Chromatic granules, often of considerable size, may 
appear on the surface. Sometimes, they are limited to one 
pole, or both poles, or they may be scattered irregularly over 
the surface. These chromatic granules separate from the 
body of the nucleus and are extruded into the cytoplasm. In 
other cases vacuoles are formed, inside the nuclei, in which a 
kind of autodigestion of chromatic material seems to be 
effected. Occasionally, the macronuclear anlagen during this 
reorganization are flat and leaf -like, pointed at the ends, and 
curved. Finally, the texture of the anlagen assumes a condi- 
tion of fine granularity (fig. 19). 

The extent to which the macronuclear anlagen have differ- 
entiated is not rigidly fixed by the time the first cell division 
is inaugurated. Generally, at this time they are still spheri- 
cal or slightly ellipsoidal, about 6 m in diameter, afid still in 
the process of chromatic reorganization. The micronucleus 
moves toward the periphery and divides (figs. 19 and 21, mo), 
as it does before each succeeding cell division. By a constric- 
tion of the cell membrane two daughters are formed, one of 
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which receives four macronuclear anlageii and a micronn- 
cleus, while the other receives three macronuclear anlagen 
and a micronucleus (fig's. 20, 21, and 22, M 2 and m 2 ). In these 
daughters the differentiation of the macronuclear anlagen 
continues. Before the next cell division they have generally 
acquired their final pocketed structure and have begun to 
lengthen out into the characteristic adult form. Figures 20 
and 21 show the anlagen in the granular condition. The 
micronucleus of the individual represented in figure 21 (m 2 ) 
is in metaphase, preparing for the next division. The macro- 
nuclear anlagen of the animal illustrated in figure 22 (Mo) 
are much further differentiated than those of figure 21. The 
micronucleus of the former is in the prophase stage. 

The individual with four macronuclear anlagen and a micro- 
nucleus gives rise to two daughters, each with two macronn- 
clear anlagen and a micronucleus (fig. 23). Each one of these 
animals then divides again, so that the final postendomictic 
cells each have a single macronucleus and a micronucleus 
(fig. 24, M and m). The daughter which has three macronu- 
clear anlagen as the result of the first cell division divides, 
forming one daughter with a single macronucleus and a micro- 
nucleus and another daughter possessing two macronuclear 
anlagen and a micronucleus. The bimacronucleate individual 
divides once more before reorganization is complete, segre- 
gating a single macronucleus and a micronucleus to each 
daughter. By the time the bimacronucleate condition is 
reached the old macronuclear fragments have largely disap- 
peared. The anlagen stain very faintly, exhibiting a sparse 
chromatic groundwork supported in a clear non-staining ma- 
trix, sugg*estive of the rapid intake of fluid. 

The sequence of events in this process is shown diagram- 
matically in text figure A (p. 536). 

D. V ariations in the normal process of endomixis 

Striking variations from the usual scheme, outlined above, 
have been encountered. Eepresentative cases are illustrated 
on plates 3 and 4. For the sake of convenience, these varia- 
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Text tig. A Diagram of the normal process- of endomixis. 1, Normal vegeta- 
tive animal; 2, maeronueleus fragmented and disintegrating, and not shown in 
subsequent diagrams. Micronucleus has migrated to the other end of the body; 
3, mieronueleus divided first time; 4, mieronueleus divided second time; S, micro- 
nucleus divided third time; 6, seven of the nuclei differentiating into inacronu- 
elear anlagen, while the eighth remains the functional mieronueleus which divides 
before each cell division; 7a and 71), daughters resulting from the first cell divi- 
sion and having four and three macronuclear anlagen, respectively; 8a and Sh, 
daughters resulting from the second cell division. The 81) monomacronueleate in- 
dividual is completely reorganized; 9a and 91), daughters resulting from the 
third cell division. Growth of the maeronueleus will reconstruct them into normal 
vegetative individuals. 
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tions may be classified in the following manner: 1) varia- 
tions resulting from precocious division of endomictic par- 
ents; 2) variations resulting from ‘extra’ (more than three) 
divisions of the micronucleus; 3) variations arising from less 
than the usual number (three) of divisions of the micronu- 
cleus; 4) variations resulting from the early differentiation 
of the micronucleus; 5) variations arising from an unusual 
segregation of nuclei to daughters; and, 6) miscellaneous 
variations, involving disintegration, lagging behind, or un- 
usual division of certain nuclei. These different categories 
are not necessarily mutually' exclusive. 

1. Variations resulting from precocious division of endo- 
mictic parents. Figure 25 shows a recent daughter (distin- 
guished by having two coronas, the outer one with twenty- 
two denticles and the inner one with ten) which has probably 
arisen from an endomictic parent whose micronucleus had 
divided for the first time. This division resembles that which 
takes place during ordinary binary fission, except that the 
macronucleus has fragmented. This individual might pos- 
sibly be interpreted as an animal initiating endomixis imme- 
diately after a vegetative cell division. The fact that there 
are hardly enough macronuclear fragments to account for a 
complete macronucleus, however, militates against this inter- 
pretation. 

It is difficult to identify beyond question individuals which 
have resulted from precocious division of endomictic parents, 
because the normal number of nuclei in animals during va- 
rious stages in the regular process includes such a wide range 
— one, two, three, four, or eight. However, a number of cases 
observed in which the anlagen were in an exceptionally im- 
mature condition might fall in this category. 

2. Variations resulting /rom ‘extra’ {more than three) di- 
visions of the micronucleus. Figures 26 to 38 illustrate this 
type of phenomenon. Figures 26 and 27 give a clue to the 
origin of this situation. In the individual represented in 
figure 26 there are four large nuclei and four small ones. If 
the group of larger nuclei should have divided aguiii, as they 
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probably would have done, a twelve-nucleate individual would 
have resulted. Figure 27 shows an individual, a number of 
whose nuclei are in various stages of the fourth micronuclear 
division. If the two large nuclei in the upper right center 
should continue to divide, a fifteen-nucleate animal would be 
formed. Individuals with such a nuclear complex have been 
found. Figure 28 illustrates one of these cases in which the 
functional micronucleus has divided preparatory to the first 
cell division, giving sixteen nuclei. In the two preceding cases 
the micronucleus became segregated after the third nuclear 
division. In figure 29 (m^) is shown a case in which the 
micronucleus was not determined until after the fourth divi- 
sion. It is in prophase, preparing for the first cell division. 
The segregation of supernumerary macronuclear anlagen to 
daughter cells cannot be predicted with any degree of cer- 
tainty. That some of these supernumeraries, at least, are 
viable and capable of division is shown in figure 30. This is 
a young daughter possessing an inner corona of eight par- 
tially disintegrated denticles, a new outer corona beginning 
to form, seven macronuclear anlagen, and a micronucleus. 
In every respect it is a normal-appearing animal. 

A variety of other supernumerary-nucleated conditions is 
possible. Figure 31 shows an animal with twenty-seven nu- 
clei. Three of these are significantly larger than the rest and 
possibly they alone wmald have developed into the functional 
macronuclear anlagen. One of the remaining twenty-four, 
different in shape and staining capacity, may be the functional 
micronucleus. Figure 32 illustrates an individual having 
twenty-three nuclei, of which four — ^two on each side — are mi- 
cronuclei. Three of the remaining nineteen nuclei are differ- 
ent from the rest. "Whether they are going to degenerate or 
are merely lagging behind cannot be decided. It seems prob- 
able that two micronuclei would have been segregated to each 
of the subsequent daughters and that after final reorganiza- 
tion a bimicronucleate race would have arisen. Such may have 
been the origin of the bimicronucleate animal shown in figure 
3. Figure 33 represents an individual with nine nuclei, four of 
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which appear as typical macroiiuclear aiilagen, four are de- 
generating nuclei, and the remaining one is the micronncleus. 
Figure 34 illustrates an individual with ten nuclei. This con- 
dition has probably arisen by an extra division, in the eight- 
body stage, of the two nuclei on the right side next to the 
vestibule. All of these nuclei appear to be normal and capable 
of further development. Figure 35 shows an individual with 
eleven nuclei, some of which have arisen by extra divisions. 
Four of them are functional macronuclear anlagen, one is a 
large micronucleus preparing for division, and the remaining 
six small nuclei are in early stages of degeneration. Figure 36 
illustrates a twelve-body stage. Such an individual probably 
resulted, as was suggested in connection with the description 
of figure 26, from an extra division of four of the nuclei in 
the eight-body stage. Here it is impossible to predict the fate 
of these twelve seemingly similar nuclei. In other cases, as 
for example in figure 37, there is more difference among the 
supernumerary nuclei and it is possible to predict their fate 
with more assurance. It is likely that this condition has 
arisen by an extra division, in the eight-body stage, of three 
of the young macronuclear anlagen. The resulting six small 
nuclei are consequently either lagging behind the four large 
anlagen, which did not divide in the eight-body stage, or are 
destined to degenerate. In the meantime, the functional mi- 
cronucleus has divided into two small dense daughter micro- 
nuclei, in anticipation of the first cell division. In figure 38 
is shown an animal with thirteen nuclei. One of them is the 
dividing micronucleus and three of the macronuclear an- 
lagen are considerably larger than the rest. Probably four 
of the nuclei in the eight-body stage underwent an extra divi- 
sion and then one of these eight nuclei divided once more. 

To what extent the vegetative bimicronucleate stock may 
have been responsible for the origin of supernumerary-nucle- 
ated endomictic individuals and whether the bimicronucleate 
stock persists even through endomixis, are questions which 
have not been solved. It is felt, however, that the very few 
bimicronucleate vegetative animals which have been found 
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could account for only a small proportion of the ‘ extra 
nucleated endomictic individuals, even if the supernumerary 
conditions were of the same type as would be expected to 
have arisen from a bimicronucleate race. 

3. Variations arising from less than the usual number 
{three) of divisions of the micronucleus. In contrast to the 
condition in which there may he ‘extra’ nuclear divisions, a 
number of cases have been found in which the usual eight 
nuclei formed from three divisions of the original micronu- 
cleus have not materialized. Figure 39 shows one of a number 
of instances of this sort. Here there are seven nuclei, six of 
which are dense and homogeneous, while the seventh has 
started to differentiate into a macronuclear anlage. Prob- 
ably this individual arose by the failure of one (not the one 
destined to give rise to the functional micronucleus) of the 
nuclei to divide in the four-body stage, while the other three 
continued to' divide again. In other cases the nucleus which 
is going to be the functional micronucleus fails to divide in 
the four-body stage, while the others continue to divide. 
Another instance, not illustrated, points to the possibility of 
two of the nuclei in the four-body stage failing to divide while 
the other two continued to do so, thus giving rise to a six- 
nucleate condition. 

4. Variations resulting from the early differentiation of the 
micronucleus. Rarely, the micronucleus hypertrophies and 
then divides. Figure 40 (m") shows one of these hypertro- 
phied nuclei beginning to divide. Chromatin masses, scat- 
tered irregularly, but somewhat concentrated at each end 
of the nucleus, suggest an attempt at chromosome formation. 
Figure 41 (m") represents a later stage in the division of 
such a hypertrophied nucleus. Figure 42 {m") shows the two 
large nuclei resulting from this division. Figure 43 gives 
evidence that these nuclei are functional, for a time at least, 
and are capable of division. One of them has divided entirely 
and the other is completing its division. It is very likely that 
these four nuclei are capable of dividing another time, but 
whether they would continue functional after final reorgani- 
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zatioii cannot be determined. In the event of persisting via- 
bility of this sort of individual it is interesting to speculate 
as to whether there would be a dedifferentiation of a nucleus 
to form a micronucleus, or whether an amicronucleate race 
would arise. Figure 44 shows an individual vdth two coronas 
of approximately at least — some of the denticles of the inner 
corona have been resorbed — the same number of denticles 
and four differentiating nuclei. This double corona, as in the 
normal process of endomixis, suggests an abortive division 
on the part of the cell. Two possibilities as to the origin of 
this condition present themselves: first, that these nuclei 
arose from differentiating nuclei like those represented in 
figures 40 to 43, or secondly, that they arose from four origi- 
nally undifferentiated nuclei. In view of their small size the 
latter alternative seems more likely. 

5. V ariations arising from an unusual segregation of nuclei 
to daughters. A number of individuals possessing five macro- 
nuclear anlagen have been encountered. One of them is drawn 
as figure 45. The most logical interpretation of this condi- 
tion, since no degenerating anlagen could be found, is to as- 
sume that in the eight-body stage instead of four macronu- 
clear anlagen going to one daughter and three to the other 
daughter, the segregation was in the nature of a five-and-two 
allotment. The micronucleus in the case selected is in the 
prophase of division. Another possible interpretation of this 
animal is that there was a suppression of the division of a 
nucleus, or nuclei, in the two-body or the four-body stage. 

6. Miscellaneous variations. Figure 46 illustrates an endo- 
mictic individual with a micronucleus, three functional macro- 
nuclear anlagen, and two degenerating nuclei. This six- 
nucleate condition could have arisen either as the result of 
unequal segregation of anlagen in the eight-body stage, or 
from the eight-body stage itself with the complete disappear- 
ance of two more nuclei, or as the result of the failure of 
certain nuclei to divide in the early stages of endomixis. 

Figure 47 shows a reorganizing individual in which one 
macronuclear anlage is lagging considerably behind the other 
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two. However, this retarded aiilage is perfectly normal to 
all appearances, and there is no reason to suppose that it 
would not continue to function. 

Figure 48 represents an individual which has six macro- 
nuclear anlag'en and two micronuclei, instead of the usual 
seven-and-one arrangement. This condition could have arisen 
by the division of one of the nuclei in the four-body stage, 
not into a functional micronucleus and a macronuclear an- 
lag'e, but into two micronuclei. The three other nuclei could 
have divided normally into six anlagen. 

A number of other variations have been met in the course 
of these studies, but the examples given above are typical 
and indicate the wide range of variability which is possible 
in the process of endomixis in the Trichodina from tadpoles. 

DISCUSSION 

Binary fission in the Trichodina from tadpoles corresponds 
closely to similar phenomena in other ciliates. However, the 
behavior of the macronucleus and the formation of a separa- 
tion spindle by the micronucleus are worthy of note. The 
changes in the disposition of chromatic material from the 
pocketed condition, to the granular condition, to the form 
of parallel strands, and then in the reverse direction suggest 
that there is more than a haphazard method in the division 
of the macronucleus. The significance of the formation of 
macronuclear fragments extruded during condensation can 
only be conjectured. 

Among all the animals studied, only three unquestioned 
cases of conjugation have been seen. In these the conjugants 
were of the same size — at least they were not more unequal 
than ordinary neighbors were. It may be of interest to com- 
pare briefly the behavior of some of the Vorticellidae during 
conjugation. In Vorticella there is a highly specialized ani- 
sogamy. In Urceolaria patellae (= Trichodina patellae 
Cuenot) Caullery and Mesnil (’15) have 'reported that the 
only recognizable difference between the two kinds of gametes 
is one of size, there being no morphological modification. 
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The microganietes are represented as being abont one-half 
as large in diameter as the macrogametes. The nuclear de- 
tails, as reported, are so closely similar to those of endomixis 
in the Trichodina from tadpoles that it is suspected that 
endomixis has been confused with conjugation. Peshkowsky 
(’23) has stated that ‘‘the conjugation of Trichodina steinii 
is apparently equal to that of Vorticellidae in all its essential 
features. ’ ’ She also shows figures of what is probably endo- 
mixis in a form she calls Trichodina mitra (=Urceolaria 
mitra), but which are interpreted as conjugation. In the 
free-swimming vorticellids and in the Trichodina from tad- 
poles there is complete isogamy. It is, therefore, not possible 
at present to correlate the method of conjugation of the Vorti- 
cellidae with their mode of life. 

There is little danger of confusing conjugation with endo- 
mixis in the Trichodina from tadpoles — even if there were a 
greater incidence of the former — ^because, in the cases ob- 
served, the macronucleus disintegrates in a distinguishingly 
different way in conjugation from the way it does in endo- 
mixis. The macronuclear fragments, instead of being spheri- 
cal as in endomixis, are rectangular, linear, or spindle-shaped. 
Woodruff and Erdmann (’14) and Woodruff and Spencer 
(’22) reported similar differences in the macronuclear dis- 
integration of Paramecium aurelia. They found that macro- 
nuclear disintegration was effected typically in endomixis by 
the elimination of spherical chromatin bodies, instead of by 
the transformation of most of the macronucleus into long 
tangled chromatin ribbons, such as occurs during conjugation. 

Conjugation always results in physical reorganization of 
the protoplasm. The old macronucleus is broken up and the 
fragments are absorbed by the cytoplasm, while a new macro- 
nuclear and micronuclear apparatus is differentiated from 
products of the first, second, or third division of the syn- 
karyon after fertilization. A similar periodic reorganization 
(thirty days for P. aurelia and sixty days for P. caudatum) 
of the nucleus is accomplished by endomixis. The essential 
morphological difference between conjugation and endomixis 
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is the presence of synkaryon formation in the former and its 
absence in the latter process. Opposing ideas as the physio- 
logical value of these phenomena in the Infusoria have been 
reviewed by Calkins (’26) and Woodruff (’25). Both endo- 
mixis and conjugation — when they occur — seem to have the 
same physiological effect in renewing the vitality and pro- 
longing the life of the race. Calkins has interpreted a life- 
cycle in the ciliates, comparable to that in the Metazoa, char- 
acterized by periods of youth, maturity, and old age. He be- 
lieves that the continued vitality of protozoan lines, under 
natural conditions, depends on the intervention of conjuga- 
tion, endomixis, encystment, or some other reorganizing proc- 
ess, to restore the senile, worn-out protoplasm to its youthful 
labile condition. Woodruff, however, does not grant that the 
decrease in vitality is due to any intrinsic aging tendency in 
the protoplasm, but believes that the ‘life cycle’ has been 
induced by improper artificial-culture methods, and that 
neither endomixis nor conjugation is indispensable to the 
continued existence of ciliates. He (’25) says: “Weighing 
all the available facts the conclusion seems justified that when 
degeneration is in progress endomixis has a rejuvenating ef- 
fect, and we thus reach the general result that both conjuga- 
tion and endomixis have a similar effect under similar condi- 
tions — both meet the emergency of physiological degenera- 
tion induced by environmental conditions which are not ideal. ’ ’ 

Since no attempt was made to study pedigreed lines of 
Trichodina, the effect of endomixis on its life-cycle and its 
dispensability or indispensability on the continued existence 
of the race were not learned. The very great incidence of 
endomixis would seem to point to its practical value in the 
economy of the life of the species. Moreover, one wonders 
whether the macronuclear material extruded during inter- 
mitotic periods and the nuclear fragments frequently sepa- 
rated from the condensed macronuclear mass during binary 
fission might not have some effect on the vitality of the race. 

In attempting to homologize endomixis in the ciliates with 
similar processes in the Metazoa, the suggestion has been 



FISSION AND ENDOMIXIS IN TRICHODINA 


545 


made by Calkins (’26) and others that endomixis is, in reality, 
parthenogenesis. Since the continuity of nuclear material 
from generation to generation is maintained through mitotic 
divisions of the micronucleus, it is logical to consider the mi- 
cronucleus as equivalent to the female gamete of the Metazoa 
which develops without fertilization. Previous accounts of 
endomixis have not positively eliminated the possibility of 
autogamy from the process, but in the present studies no 
evidence of micronuclear fusion has ever been found. The 
question then arises as to whether chromosome reduction is 
effected during endomixis. It has been stated that, during 
binary fission, the diploid number of chromosomes falls within 
the limits of four and six. If reduction of chromosomes were 
to occur in endomixis, it would necessarily have been accom- 
plished by the time the metaphase of the third micronuclear 
division had been reached. In the few cases, for example, in 
figures 16 and 27, in which it was possible to study the chro- 
mosomes during endomictic divisions the diploid number was 
counted. It is legitimate, therefore, to interpret endomixis as 
parthenogenesis of the diploid type. 

All of the eight nuclei resulting from the three divisions of 
the original micronucleus are apparently similar as they are 
first formed. They are of the same size, all have the vesicular 
type of structure, and it is impossible, for a short time, to dis- 
tinguish the future functional micronucleus from the macro- 
nuclear anlagen. The later relative constancy in the position 
of the micronucleus on one side of the body between the first 
and second macronuclear anlagen from the vestibule (left side 
of figs. 18 and 30, m^) and the apparent absence of a differen- 
tial micronuclear division lead one to infer that the determina- 
tion as to , which nucleus is going to he the definitive micro- 
nucleus is controlled by its location in the cell. Differentiation 
of the macronuclear anlagen, as stated before, is accom- 
plished by the loss of chromatic material and by a tremendous 
increase in size. The micronucleus, in contrast, is not appre- 
ciably modified. This differential behavior implies the fate 
of the nuclei. The original eight nuclei may be thought of 



546 


WILLIAM F. DILLER 


as containing both idiochromatin and trophocliromatin. Seven 
of them, apparently, get rid of their idiochromatin by extru- 
sion, etc., develop their trophochromatin, and become vegeta- 
tive, transient macronnclei. The eighth retains its idiochro- 
matin and becomes the functional micronuclens, with 
reproductive potentialities. 

The history of the eight nuclei in the endomixis of Tricho- 
dina is very different from that described for Paramecium. 
Woodruff and Erdmann (’14) state that in P. aurelia all but 
one or two of the eight micronuclear products degenerate. 
The cell then divides and each daughter receives a micronu- 
cleus. Prom this single micronucleus the macronuclear an- 
lagen and the functional micronuclei are said to be derived. 
Only one more cell division is required to reconstitute the 
animals completely. In P. caudatum Erdmann and Woodruff 
are inclined to feel that, of the four micronuclei in the stage 
where there are four macronuclear anlagen and four micro- 
nuclei, two of the latter undergo degeneration. In Tricho- 
dina in the normal process of endomixis, there is no degen- 
eration of nuclei. By reason of the uneven number, seven, of 
macronuclear anlagen, their segregation is unequal and the 
daughters which receive them must undergo an unequal num- 
ber of divisions before reconstruction is complete. This is 
shown in the asymmetrical diagram of the process (text 
%-^)- 

That the onset of endomixis is a critical period in the life 
of the organisms concerned is indicated by Erdmann and 
Woodruff’s difficulty in maintaining, by the method of single 
daily isolations, their race of P. caudatum during endomixis. 
This is true also for Euplotes longipes and P. bursaria. Dur- 
ing such a period of delicate readjustment it would be ex- 
pected that the well-ordered sequence of events might some- 
times be upset. The large number of variations from the 
general rule of endomictic behavior in Trichodina, some of 
which are figured, shows that this nice balance is sometimes 
disturbed. The quadrimicronucleate individual illustrated in 
figure 32 could well represent the ancestor of a bimicronu- 
cleate race, one of which is sliowm in figure 3. 
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On the other hand, some of the endomictic variations dis- 
covered may be responsible for amicronucleate races. Fig- 
ures 36 and 40 to 44 show endomictic individuals which lack 
a discrete micronucleus and which — should they be viable- 
might have initiated amicronucleate races. Frequently, 
Trichodinae have been examined in which a microiiucleus 
could not be found. It is by no means certain that all these 
were amicronucleate individuals, because the micronueleus 
may have been obscured by the overlying corona or by food 
vacuoles, etc., but without doubt some of them were cases of 
true amicronucleation. Prandtl (’06), in his study of the 
cytology of conjugation in Didinium nasutum, observed exam- 
ples of the transformation of all the micronuclei into macro- 
nuclei, though he was doubtful if the animals with a nuclear 
heritage of this character were viable. Patten ( ’21), however, 
has studied a pedigreed culture of an amicronucleate race of 
Didinium nasutum which arose from conjugating micronu- 
cleate individuals. A number of other amicronucleate races 
have been reported; Dawson (’19) described a race of Oxy- 
tricha hymenostoma without a micronucleus. He bred it suc- 
cessfully in pedigreed cultures for several years and found 
that, although it attempted conjugation, merely abortive re- 
sults followed. Landis’ (’20) ‘amicronucleate’ race of Para- 
mecium caudatum proved to be P. multimicronucleata, with 
four small micronuclei. Woodruff’s (’21) ‘amicronucleate’ 
race of P. caudatum might also have been P. multimicronu- 
cleata. Amicronucleate races of Oxytricha fallax and Uro- 
styla grandis were also reported by Woodruff (’21). Thon 
(’05) made a careful cytological study of Didinium nasutum, 
but was unable to discover a micronucleus in his strain. 
Moody ( ’12) carried on a long culture of Spathidium spathula 
which revealed no micronuclei. It is difficult to believe that 
either of these latter investigators could have overlooked 
micronuclei had they been present. The evidence derived 
from the study of Trichodina lends weight to Woodruff’s 
( ’21) speculation that, “it is possible — ^perhaps probable when 
we recall the observations of Prandtl and of Patten — that 
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under certain exigencies during* cell reorganization the typical 
course of events may be disturbed so that the differential 
micronuclear division is suppressed or not precise and all the 
micronuclei metamorphose into 'maeronuclei. ’ Such ‘macro- 
nuclei’ may be interpreted as amphinuclei. There is, a priori, 
no reason why nuclei of this character should not be adequate 
for the typical life phenomena of the cell, except probably 
those involving endomixis or conjugation. Such apparently 
is the potentiality of the nuclear apparatus of the amicronu- 
cleate races thus far described.” 

Erdmann’s (’20) findings that endomixis in Paramecium 
aurelia endows the race with distinct heritable variations and 
that after endomixis lines with greater or less differences in 
size appear suggest the possibility of similar phenomena in 
Trichodina. Here there is abundant morphological evidence 
that during endomixis nuclei frequently digress from their 
well-ordered path of behavior, and after doing so, are segre- 
gated into postendomictic daughters. Such unusual chro- 
matic endowments are probably a sufficient physical basis to 
account for phenotypic differences between different lines. 

SUMMAEY 

1. The subject of these studies is the Trichodina living as 
an ectocommensal on the skin and gills of anuran tadpoles. 
The body is turban-shaped and the concave base is modified 
into an attaching disk, supported by a ring of denticles, the 
corona. The nuclear apparatus consists of a large horseshoe- 
shaped macronucleus and a single small micronucleus. The 
observations were made on fixed and stained material. 

2. During binary fission of this Trichodina the micronucleus 
enlarges and becomes spindle-shaped. The endosome which 
fills most of the nucleus appears to give rise to the chromo- 
somes, spindle fibers, and centrodesmose. A. metaphase plate 
is formed in which four to six (the exact number is unde- 
cided) chromosomes lie. Bach chromosome divides and the 
two groups of daughter chromosomes move to opposite poles 
of the nucleus. Constriction of the nuclear membrane follows 
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and the daughter micronuclei pull apart, being connected for 
some time by the separation spindle containing a centrodes- 
mose. The horseshoe-shaped macronncleus loses its charac- 
teristically pocketed structure, becomes more finely granular, 
and later is traversed by longitudinal parallel chromatic 
strands. It condenses into an ovoid or spherical mass, then 
elongates and constricts in the middle. A new corona is 
formed external to the old corona. Constriction of the cell 
membrane divides the parent cell into two daughters, each of 
which has a macronucleus, a mieronucleus, one-half the old 
corona, and the rudiments of a new corona. In the daughters 
the old coronas are resorbed, the new ones develop denticles, 
and the macroiiuclei regain their pocketed structure and their 
horseshoe shape. 

3. A very few cases of conjugation have been found. These 
can he distinguished from endomixis by the different methods., 
of macronuclear disintegration in the two processes. 

4. During the normal process of endomixis the macronu- 
cleus fragments into spherical particles — each containing a 
deeply staining central granule separated by a clear space 
from the limiting nuclear material. These particles persist 
through the entire process of endomixis. The micronucleus 
migrates from its usual position near the vestibule, toward 
the aboral side. Here it undergoes three successive mitotic 
divisions to form eight nuclei. Simultaneously with the first 
of these divisions, a complete new outer corona may some- 
times be formed. This activity is considered to represent an 
abortive division on the part of the cell. Of the eight nuclei 
formed by the divisions of the original micronucleus, seven 
differentiate into macronuclear anlagen and one remains the 
functional micronucleus which divides at each succeeding cell 
division. As a result of the first cell division, four macro- 
nuclear anlagen and a micronucleus are segregated to one 
daughter, while three macronuclear anlagen and a micronu- 
cleus pass to the other daughter. In the former case two sub- 
sequent cell divisions are required for the distribution of 
macronuclear anlagen to daughters, so that each postendo- 



550 


WILLIAM F. DILLER 


mictic individual has only one macronncleus. In the latter 
case — in which the daughter has three macronuclear anlagen 
and a micronucleus — the next division segregates one macro- 
nucleus to one daughter and two macronuclear anlagen to the 
other daughter. The latter divides once more into two cells, 
each of which has a macronucleus and a micronucleus. 

5. There is evidence that chromosome reduction does not 
take place during endomixis. 

6. A number of variations from the normal process of endo- 
mixis can occur. These may be classified as follows: 1) va- 
riations resulting from precocious division of endomictic 
parents; 2) variations resulting from ^ extra’ (more than 
three) divisions of the micronucleus; 3) variations arising 
from less than the usual number (three) of divisions of the 
micronucleus; 4) variations resulting from the hypertrophy 
and early differ entiation of the micronucleus; 5) variations 
arising from an unusual segregation of nuclei to daughters; 
and, 6) miscellaneous variations, involving disintegration, 
lagging behind, or unusual division of certain nuclei. These 
different categories are not necessarily mutually exclusive. 

7. The suggestion is made that some of these variations are 
the bases of the origin of bimieronucleate and amicronucleate 
races. 
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EXPLANATION OE PLATES 


All figures in the plates are from preserved and stained material and have 
been outlined with a camera lueida. The animals have been fixed in Schaudinn’s 
fluid, stained with Heidenhain’s haematoxylin, and drawn at a magnification of 
1800. They have been reduced one-half in reproduction. The figures have been 
oriented with the vestibule toward the bottom of the plate and, unless otherwise 
stated, with the attaching disk turned toward the observer. The cilia and coronas 
have been omitted for the sake of simplicity, except when they were thought to 
have special bearing on the subject in hand. 


ABBREVIATIOlirS 


m, micronucleus 
M, maeronucleus 
C, corona 

m', micronueleus dividing in endomixis 
M', fragments of maeronucleus in endo- 
niixis 

■nu, new micronueleus 
Mi, macronuclear anlagen 
m", hypertrophied micronueleus 
Ci, new-generation corona 
Cl, old-generation corona 


C.V., contractile vacuole 
<7, gullet 
0, cytostome 
v, vestibule 
vel., velum 
vac., vacuole 

CLd.s., adoral zone of cilia 
pr.s., proximal zone of cilia 
r.s., radial striations 
f.v., food vacuole 


553 


JOURNAL OF MORI’HOLOGY AND PHYSIOLOGY, VOL. 46, NO. 2 



PLATE 1 


EXPLANATION OP PIGURES 

Figures 1 to 3, ‘resting’ individuals. Figures 4 to 12, stages in binary fission. 

1 Typical vegetative individual. Cilia omitted. 

2 Same in side view. 

3 Bimicronueleate individual. 

4 Maeronueleus beginning to condense, wavy in outline, and finely granular. 
Microniicleus in metaphase. Centrodesmose visible. Centrioles probably shrunken 
away from the nuclear membrane. Attaching disk turned away from the observer. 

5 Maeronueleus traversed by longitudinal chromatic strands. Micronueleus in 
anaphase. Centrodesmose visible. 

6 Further condensation of the maeronueleus. Clear region surrounding the 
chromatin mass is probably a shrinkage space. Macronuclear fragments scattered 
through the cytoplasm. Micronueleus in metaphase. Preeoronal ring has ap- 
peared. 

7 Maeronueleus in maximum condensation. Two nuclear fragments in cyto- 
plasm. Micronueleus in early telophase. Centrodesmose visible. Vacuole toward 
aboral side. 

8 Maeronueleus beginning to pull apart. Well-formed separation spindle 
through which centrodesmose extends. Preeoronal ring visible. 

9 Micronueleus divided. Constriction of maeronueleus almost complete. Vacu- 
oles at aboral side. 

10 Daughters almost separated. A large macronuclear fragment in right-hand 
individual. Macronuclei finely pocketed. 

11 Recently formed daughter. New outer corona of twenty-one denticles 
acquiring hooks and rays. Old inner corona has ten denticles. 

12 Slightly older daughter. Maeronueleus assuming adult pocketed structure. 
Outer corona of twenty-one denticles well formed. Inner corona disintegrating. 
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PLATE 2 


EXPLANATION OP FIGURES 

Figures 13 to 24, stages in the normal process of endomixis. 

13 Macronucleus fragmented into characteristic spherical bodies, each con- 
taining a deeply staining central granule. Micronucleus in aboral position, pre- 
paratory to first division. 

14 First division of mieronucleus ; tvpo coronas, each with twenty-one denticles. 
Attaching disk turned away from the observer. 

15 Second nuclear division; two coronas, each with twenty-five denticles. 

16 Third nuclear division; nucleus on the left in a later stage than the other 
three. 

17 Late third division. The two nuclei on the left have already divided, while 
the two on the right are in late anaphase. 

18 Early eight-body stage, showing seven darkly staining lemon-shaped macro- 
nuclear anlagen, of which the one on the lower left is furthest differentiated, and 
a micronucleus. 

19 Late eight-body stage, showing seven differentiating macronuclear anlagen 
and a dividing mieronucleus. 

20 One of the daughters resulting from the first cell division; four well- 
differentiated macronuclear anlagen and a mieronucleus. 

21 Another daughter resulting from the first cell division; three slightly 
differentiated macronuclear anlagen and a mieronucleus in metaphase. 

22 Three pocketed macronuclear anlagen in a late stage of differentiation and 
a prophase mieronucleus. 

23 Individual resulting from the second cell division, having two macronuclear 
anlagen, a mieronucleus, and two coronas. 

24 Reorganizing animal, the result of the last cell division ; a single macro- 
nucleus, a mieronucleus, and two coronas. 
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PLATE 3 


EXPLANATION OP PIGUEES 

Figures 25 to 36, variations in the process of endomixis. 

25 Recent daughter resulting from a precocious endomictie division. Cyto- 
plasmic strand showing. Twenty -two denticles in outer corona; ten in inner 
corona. Single mieronucleus and about one-half the usual number of macronu- 
clear fragments. 

26 Eight nuclei, four large ones and four small ones which have just been 
formed. 

27 Fourth division of the mieronucleus; the two large nuclei in the upper right 
center have not yet divided. Eleven nuclei. 

28 Sixteen-body stage; fourteen macronuelear anlagen and two functional 
mieronuclei. 

29 Sixteen-body stage; fifteen macronuelear anlagen and a prophase miero- 
nucleus. 

30 Eight-body stage; seven macronuelear anlagen, a mieronucleus, an inner 
partially resorbed corona of eight denticles, and a precoronal ring. 

31 Twenty-seven nuclear bodies; three of these are significantly larger than 
the rest. 

32 Twenty-three nuclear bodies; four of these are functional mieronuclei. 
The three dark nuclei in the upper right center are probably degenerating. Disk 
side of the animal is turned away from the observer. 

33 Nine-nucleate individual. Four nuclei are typical macronuelear anlagen, 
four are degenerating, and one is the functional mieronucleus. 

34 Ten nuclei; nine macronuelear anlagen and one functional mieronucleus. 

35 Eleven nuclei; four are functional macronuelear anlagen, the six in the 
upper right are degenerating, and the mieronucleus is preparing for division. 

36 Twelve-nucleate individual. 
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PLATE 4 


EXPLANATION OP FIGURES 

Figures 37 to 48, variations in the process of endomixis. 

37 Twelve-body stage; four large inacronuclear anlagen, six small nuclei, and 
two small mieronuelei, just formed. 

38 Thirteen-body stage. Three macronuclear anlagen are larger than the 
others. Micronucleus dividing. Centrodeamose visible. ' 

39 Seven nuclei; one, in the upper part of the figure, beginning to differentiate 
into a macronuclear anlage; the other six are small and homogeneous, 

40 Hypertrophied nucleus beginning to constrict. 

41 Later stage in the division of a hypertrophied nucleus. 

42 Two hypertrophied nuclei. 

43 Second division of hypertrophied nucleus. 

44 Four differentiating macronuclear anlagen and two coronas of approxi- 
mately the same number of denticles. 

45 Five macronuclear anlagen and a dividing micronucleus not in its usual 
position. 

46 Three functional macronuclear anlagen, two degenerating macronuclear 
anlagen, and a mieronucleus. 

47 Two large macronuclear anlagen, a small macronuclear anlage, and a 
mieronucleus. 

48 Six macronuclear anlagen and two mieronuelei. 
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THE ANATOMY OF THE UEINOGENITAL OEGANS 
OP THE MALE MYEMECOBIUS PASOIATUS 

MAHALAH 0. 0. rOBDHAM 

Zoological Laboratory, University of Liverpool, Liverpool, Bngland 
rOUK PLATES (sixteen FIGURES) 
author’s abstract 

The urinogenital organs of Myrmeeobius fasciatus conform to the marsupial type in 
both their anatomical characters and histological details. The external genitalia indicate a 
close relationship with the Dasyiiridae. 

Tlie following account of the male urinogenital organs of 
Myrmeeobius fasciatus has been worked out from a mature 
animal captured at Jarrawood, Western Australia, in Decem- 
ber, 1925. This little animal has several descriptive names, 
which Wood Jones terms ‘book’ names, such as the marsupial 
anteater and the banded anteater, but its aboriginal name is 
the numbat. 

As far as we are aware, the only reference to the anatomy 
of the male organs of the numbat consists of a short note in 
a paper by W. Leche (’91) devoted chiefly to myology. The 
anatomy of the female urinogenital system was worked out 
by J. P. Hill in 1900. 

Some of the more obvious features are demonstrated by 
the two photographs of partial dissections in figures 1 and 2. 
Externally, the densely hairy scrotal sac is slightly bilobed 
and it hangs by a well-defined stalk in the characteristic mar- 
supial position in front of the penis (fig. 1). Just anterior 
to the root of the tail is the well-developed colliculus urogeni- 
talis ; its summit bears a very shallow depression into which 
the cloaca opens. The perineum is a very thin transverse par- 
tition across the cloaca, separating the dorsal anal aperture 
from the ventral urinogenital sinus. The anus is oval and 
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widely open, as in Dasyurns. The wall of the nrinogenital 
sinus continues forward toward the folded penis pocket which 
surrounds the base of the spiny penis, and the whole copula- 
tory organ projects downward and forward from the body 
in the non-erectile condition of the penis. This is character- 
istic of the Dasyuridae; in other marsupials both the penis 
and the penis pocket are withdrawn into the body. In Myrme- 
cobius there is no extra separate erectile body (corpus fibro- 
sum) projecting from the penis pocket, such as is described in 
Dasyurus. The penis has a bifid tip (a feature characteristic 
of most polyprotoclonts, but occurring also in diprotodonts) ; 
its free ends hang together, not widely separated as in 
Didelphys. The skin of the cleft glans penis is smooth, but 
the adjacent region, for a length of 0.7 cm., is beset by a well- 
developed series of stiff, backwardly projecting spines. On 
the ventral face a well-defined fold in the skin separates the 
glans from the spiny region and forms, as it were-, a webbing 
at the base of the cleft. The proximal portion of the organ 
is covered with smooth loosely folded skin, devoid of hairs, 
forming the penis pocket. 

Internally (fig. 2), the most striking feature of the system 
is the relatively enormous size of the anterior portion of the 
urethral tract or ‘prostate.’ This organ is a large, muscular, 
somewhat conical-shaped body, stretching from its base, on a 
level with the kidneys, to the pelvis. Though in all mar- 
supials the urethral tract is characteristically long and wide, 
it appears to be especially well developed in Myrmecobiiis 
(fig. 3). Osgood (’21) described the prostate of Ooenolestes 
as larger than in any other marsupial. He gives the ratio of 
the length of prostate to length of body in Ooenolestes as 
16 : 113. A similar comparison on this specimen of the num- 
bat gives 30 : 105, so that in Ihis case the organ is, relatively 
much longer. There is no indication of a bilobed character 
such as occurs in the koala (Phascolaretos cinerens), where a 
longitudinal depression runs along the dorsal side. 

The urethra may be divided into three regions, which vary 
in the structure of the wall. The conspicuous anterior region 
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of the urethra is often simply called the ‘prostate.’ But in 
monotremes and marsupials there is no prostate in the nar- 
row sense ; separate prostate glands with a common duct open- 
ing into the urinogenital canal do not occur. A mass of 
radially arranged tubular glands lies within the wall of the 
urethra and these open into its lumen by a number of separate 
apertures. This region is therefore termed the ‘prostatic 
tract of the urethra. ’ Oudemans, however, considers that the 
so-called prostate is really a powerful development of ureth- 
ral glands in both marsupials and monotremes. The lumen 
of the urethra is quite a small canal occupying the axis of the 
organ. The prostatic tract gradually narrows as it passes 
toward the pelvis, where a slight ridge marks the commence- 
ment of a thinner-walled membranous region, termed the pars 
membranacea, which is dorsally flexed and is protected by the 
symphysis pubis-ischio. 

Paired prominent swellings (fig. 3 a), closely bound up in 
connective tissue and lying on either side of the urethra imme- 
diately posterior to the pelvis, form the colliculus urogenitalis 
and mark the commencement of the third division, the bulbous 
urethra, which is followed by the penis. 

The kidneys have the usual form. The right kidney lies 
anterior to the left and is slightly larger. The adrenal bodies 
lie quite free from the kidneys on either side of the dorsal 
aorta, just anterior to the renal arteries ; the left one is con- 
spicuous in the photograph (fig. 2). 

The urinary bladder opens into the prostatic tract dorsally; 
in the photograph (fig. 2) it is contracted and lies on the left 
side. In marsupials great differences occur in the part of the 
bladder which is transitional to the urinogenital canal. The 
following condition occurs in Myrmecobius (fig. 16). At the 
base of the bladder, the circula-r muscles increase in number 
and form a sphincter vesicae around a widely open lumen, 
which opens into a shallow chamber termed the collum vesicae. 
Its wall is thinner and less folded than that of the body of 
the bladder and it opens into the lumen of the urethra by a 
narrow canal. The paired ureters pass obliquely through the 



566 


MAHALAH G. C. FOEDHAM 


wall of the collum vesicae and open quite close together on 
minute papillae on its floor. Immediately behind these aper- 
tures, the canal leading from the collum vesicae may be re- 
garded as piercing the wall of the prostate and entering the 
urethra at right angles. This condition is markedly different 
from the arrangement in Didelphys and Thylacinus, where 
the bladder opens into a spindle-shaped expansion of the 
cranial end of the urethral canal. In Phascolomys there is a 
deep groove at the base of the bladder and no true neck is 
developed. 

The wall of the bladder is made up of the usual three coats : 
mucous, muscular, and serous layers. The tunica mucosa 
consists of a dense connective-tissue layer (tunica propria) 
on which rests a layer of transitional epithelium. The tunica 
musGularis, which is loosely attached to it, is very richly sup- 
plied with blood vessels. An inner layer of longitudinal 
smooth fibers is surrounded by a layer of circularly arranged 
fibers. 

Externally, the vasa deferentia appear to enter the urethra 
quite close to the ureters, but actually they run through its 
wall for a considerable distance and they open on a distinct 
median ridge (fig. 5) by a pair of minute pores situated about 
4 mm. from the opening of the bladder. This ridge is the 
verumontanum or colliculus seminis. It is not equally devel- 
oped in all marsupials. In Didelphys and Hypsiprymnus the 
vasa deferentia open on separate paired papillae directed 
caudad. In Dasyurus, Perameles, and the phalangers a col- 
liculus seminis is present; it is especially well developed in 
Phascolomys, where it is recognizable as a conspicuous longi- 
tudinal fold, on the summit of which the vasa deferentia and 
some urethral glands open. In the koala a well-marked veru- 
montanal eminence is described by Young, as well as an ill- 
defined depression on its summit termed the sinus pocularis. 
In Myrmecobius there does not appear to be any structure 
comparable to this sinus pocularis or vesicula prostatica. 
Both the verumontanal eminence and the sinus pocularis are 
entirely absent in Thylacinus, where the vasa deferentia open 
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by paired slit-like apertures (Cunningham). It appears 
that a sinus pocularis (uterus masculinus) is rarely developed 
in marsupials. 

The testes (figs. 2 and 3 a), covered by their sheaths, lie 
within the scrotal sac with their median surfaces closely ad- 
pressed. They are ellipsoidal in shape (axes 1.8 by 1.2 cm.) 
and their efferent ducts pass into the epididymis from their 
median anterior margins. 

Each testis and epididymis is inclosed within two trans- 
parent sheaths. The outer peritoneal sac, the tunica vaginalis 
(fig. 2, right testis), incloses the cremaster muscle, the sperm 
duct, and its associated blood vessels as they pass from the 
abdominal cavity into the scrotum. The testis and epididymis 
are attached to the inner surface of the scrotal sac only by 
thin strands of connective tissue running from the tunica 
vaginalis to its wall. There is no gubernaculum. The cre- 
master muscle is inserted into the dorsal face of the tunica 
vaginalis by a broad deltoid expansion of its fibers. 

Beneath the tunica vaginalis lies the tunica albuginea (fig. 
2, left testis). This coat forms the only attachment between 
the characteristically well-developed epididymis and the tes- 
tis. The extent of the epididymis is illustrated in figure 2. 
The middle band-like corpus epididymis lies dorsal to the 
testis and connects the cap-like expansions, the caput and 
cauda epididymis, of which the cauda epididymis is the larger. 
The vas deferens, as it is ditferentiated from the caudal end, 
is much coiled till it reaches the abdominal orbit, within, 
which it gradually straightens out except for a few twists 
and is only slightly thickened as it passes into the wall of the 
urethra. Vesiculae seminales are not developed. 

The rest of the urinogenital organs consist of the accessory 
glands which open into the posterior portion of the urethra, 
the erectile tissues of the penis, and the muscles which control 
the movements of this organ. The total length of the urethra 
of this specimen is 9.25 cm. Its three regions already men- 
tioned are distinguishable by the character of the wall. The 
anterior division is the glandular prostatic tract already de- 
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scribed. The middle membranous region lias a thinner wall. 
It consists of that part of the urethra which is protected by 
the pelvic girdle, posterior to which it bends sharply ventrad 
and then is surrounded by the structures forming the third 
or bulbous region. 

The structures connected with this postpelvic region of the 
urethra form the colliculus urogenitalis. In figure 2 they 
have been partially dissected out on the left of the specimen 
and are undisturbed on the right. They consist of three pairs 
of Cowper’s glands, a pair of lymph glands, and two pairs 
of prominent muscular bulbs which inclose the ‘heads’ of the 
strands of erectile "tissue which form the penis (fig. 3 a). The 
more anterior pair of these bulbs is formed by the ischio- 
cavernosi or erectores penis muscles which surround the bulbs 
of the paired corpora cavernosa. The posterior and more 
ventrally placed pair is formed by the bulbocavernosi mus- 
cles, which constitute thick powerful envelopes surrounding 
the double bulb of the corpus spongiosum (corpus cavernosum 
urethrae). 

Structure of prostatic tract 

Histological examination of the prostatic tract reveals a 
structure essentially similar to that of other marsupials, Hal- 
maturus rufus, for example, described by Oudemans. In 
transverse section (fig. 5) a thin coat, a broad central glandu- 
lar region, and the folded epithelial lining are readily dis- 
tinguishable. The following layers are met with from the 
periphery to the lumen. The serous surface is covered by a 
delicate epithelium. Within this, there is a thin coat of 
smooth-muscle fibers ; the peripheral fibers run circularly and 
surround the longitudinally arranged muscles. Within the 
muscle coat is a layer of dense connective tissue richly sup- 
plied with blood vessels. This connective tissue forms a 
cushion in which the expanded blind ends of the tubular 
glands are embedded, and it gives off slender projecting tags 
which lie between the glands and bind them together. The 
relative extent of the glandular portion is illustrated in 
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figure 5, and a small portion of the periphery of a section 
more highly magnified is illustrated in figure 7. 

The glands are essentially of the compound tubular type, 
each consisting of several very elongated tubules joining up to 
form a common duct (fig. 8). Figure 9 illustrates a trans- 
verse section across the tubules about halfway along their 
length. In the region immediately surrounding the lumen of 
the urethra (fig. 10) the ducts pass throug'h mesh-like con- 
nective tissue. The apertures of the ducts are very minute; 
they cannot be seen with the naked eye between the bases of 
the folds of the stratified epithelium which bounds the lumen. 

The pars membranacea is not definitely marked off from 
the prostate, but is gradually differentiated from it by a rela- 
tive increase in muscle and connective tissue, which latter 
projects inward and divides the glandular tissue into cords 
so that transverse sections show isolated groups of urethral 
glands opening into the lumen (fig. 11). The wall of the pars 
membranacea is further differentiated by a greater develop- 
ment of the connective tissue surrounding the muscle coat. 

The hulhous urethra and its associated Cowper’s glands 

Most marsupials appear to possess three pairs of Cowper’s 
glands, which vary in size and structure. Myrmecobius has 
three pairs (fig. 4 a), one of which is maiiy times larger than 
the other two and even macroscopically a difference in the 
thickness of its muscle coat can be detected. In dissecting 
this part of the system three paired prominent muscular 
masses are exposed as soon as the comiective tissues are 
removed from the colliculus urogenitalis. The largest of the 
three pairs of Cowper’s glands is the most dor sally and lat- 
erally situated of these masses. (The other two masses are 
the bulbocavernosi and the ischiocavernosi muscles.) Their 
glandular structure is not obvious externally and their ducts 
(fig. 4 a) are entirely hidden by the ischiocavernosi and the 
bulbocavernosi muscles. A pair of superficially (i.e., ven- 
trally) situated bean-shaped lobulated glands (fig. 3 a) lies in 
the notch between the bulbocavernosi and the largest Cow- 
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per's gland. The structure of this giand indicates that it is 
a lymph giand ; neither dissection nor sections yielded a satis- 
factory duct. The second and third pairs of Cowper’s glands 
are comparatively small. They lie dorsally in the notch, on 
the first pair formed by the looping of the erectores penis 
(ischiocavernosi) muscles. Owing to comparatively thin 
walls, their glandular nature is obvious. These three pairs of 
glands have separate ducts which open quite close together 
into the dorsal wall of the urethra at the commencement of 
the bulbous urethra. 

Structure of the Cowper’s glands 

The wall of the largest pair of Cowper’s glands (fig. 14) 
consists of two irregularly arranged coats of striped-muscle 
fibers running roughly at right angles to each other; within 
this lies a layer of connective tissue which projects inward 
to form a framework for the support of the secreting epi- 
thelium. Both the muscular tissue and the connective tissue 
are richly supplied with blood vessels. 

The secreting epithelium bounds a number of irregularly 
branched cavities which all lead into a large central space. 
The secreting cells are columnar, and their spherical nuclei 
lie near their bases. The short straight duct issues from the 
median border of the gland. The other two pairs are very 
similar to each other in general characteristics (fig. 12). 
Their walls are much thinner than those of gland I, but they 
consist of the same tissues. Though the cells of the secreting 
epithelium do not differ markedly from those of gland I, 
sections exhibit a greater density of glandular tissue; the 
acini of gland I are widely open spaces, but in the other two 
pairs of glands they are much smaller and more tubular. The 
spaces of all three pairs of glands contain a granular secre- 
tion (not represented in the figures) which is only lightly 
stained with Ehrlich’s haematoxylin. 

The urethra, after receiving the ducts of Cowper’s glands, 
is surrounded by erectile tissue and muscles to form the 
bulbous urethra and penis. Both the corpus spongiosum and 
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the corpora cavernosa commence in double bulbs inclosed, 
respectively, by the paired bulbocavernosi and ischiocavernosi 
muscles already described (fig. 4 a). The bulbocavernosi lie 
slightly posterior to the ischiocavernosi and they are more 
prominent in a dissection from the ventral surface. 

The corpus spongiosum (corpus cavernosum urethrae) is 
situated dorsally; it invests the urethra and forms the bulk 
of the glans penis. The paired corpora cavernosa (corpora 
cavernosa penis) run side by side for a short distance; then 
they almost fuse and thus surround the spongy body on its 
ventral and lateral faces. The whole structure is closely 
bound up by connective tissue and muscles. 

Figure 13 illustrates a transverse section of the bulbous 
urethra in the position indicated by an arrow in figure 4 a. 
The lumen of the urethra is lined by columnar epithelium de- 
void of glands and it rests on a thin basement membrane. 
This is surrounded by mesh-like spongy tissue (corpus spon- 
giosum) and then a coat of muscles running chiefly circularly. 
The cavernous tissue forms the bulk of the organ; strands of 
muscles project in from the sheath and form the framework 
within which the blood sinuses are contained. In Didelphys 
the corpora cavernosa- remain separate, but in Myrmecobius, 
Phascogale, and some others they fuse to form one continuous 
structure. 

The extremity of the penis is cleft for a length of about 
5 mm. and at its base the urethral canal passes into a pair of 
grooves formed by the incurling* of the inner edges of the 
cleft (fig. 15), The free tips are rather rounded than pointed 
and the smooth skin covering them is separated on the ventral 
face by a well-marked fold from the spiny region. In sections 
(fig. 6) the spines exhibit a core of very dense connective 
tissue bounded by a stratified epithelium exhibiting well- 
marked keratinization, the horny layer being somewhat 
thicker than the malpighian layer. The glans is formed of 
spongy tissue and the skin surrounding it consists of a thin 
layer of connective tissue and a stratified squamous epithe- 
lium only slightly keratinized. 
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The muscles of the penis 

The muscles of the penis consist of four paired muscles 
and one accessory unpaired muscle. These are : 

1. Sphincter cloacae, a broad band-like ring* surrounding* 
the cloaca and inclosing both the end of the rectum and the 
penis sheath. Though it is comparatively well developed in 
Myrmecobius fasciatus, it appears to have a much greater 
extent in some other marsupials (Owen), where it is de- 
scribed as inclosing also the bases of Cowper’s glands. The 
cut ends of the sphincter cloacae are readily distinguishable 
in the photograph (fig. 2). 

2. The obvious strand of muscle extending from the pelvis 
to the gians penis in the midventral line corresponds to the 
Y-shaped levatores penis muscle as typically developed in the 
opossum. But in Myrmecobius the arms of the Y are repre- 
sented by a pair of extremely short fasciae attached to the 
ventral face of the ischiocavernosi near their stalks. From a 
firm attachment to the symphysis pubis a thick cord-like ten- 
don extends to the fork of the Y. This is the ligamentum sus- 
pensorium penis (fig. 3 a) and it is not present in Didelphys. 
The relations of the pelvis to the colliculus urogenitalis and 
the penis are very similar in Myrmecobius and Dasyurus, and 
in the latter genus this ligament is a well-developed plate-like 
expansion. According to Broek (’10), it occurs in those forms 
in which the genitalia are situated far from the pelvis. It 
does not occur in Thylacinus. 

3. The paired retractores penis muscles are band-liko. They 
are attached to the sacrum, from which they turn outward 
and pass dorsal to the bulbo-urethra to the penis, along the 
dorsal surface of which they run side by side to their insertion 
into the base of the gians penis. 

4. Each of the ischiocavernosi or erectores penis muscles 
is attached by a firm tendon to the center of the posterior 
border of the ischium. It then expands and makes a fleshy 
loop-like turn which ' incloses the bulb of the corpus caver- 
nosum (crus penis) and is inserted into the stalk of this 
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5. Tlie bulbocavernosi have no connection with the pelvis. 
They constitute thick powerful muscular envelopes for the 
paired bulbs of the corpus spongiosum and they are attached 
to the fibrous capsules inclosing these bodies. Dorsally, the 
'stalks’ of these capsules are firmly united to each other and 
they are attached to the penis by loose connective tissue 
which also incloses the retractores penis muscles. 

In many marsupials a varying number of rectal or anal 
glands is developed. A single conspicuous pair occurs in 
the female numbat, but they are absent in the male. Myrme- 
cobius shares this sexual distribution with Coenolestes and 
some others. Rectal glands are also wanting in the males of 
Phascolarctos and Thylacinus. Thoug'h two pairs of rectal 
glands may occur, one pair is often absent. In all phalangers 
only the caudal pair is well developed ; Halmaturus and Hyp- 
siprymnus have only one pair in the male, but in Phalangista 
there are three pairs. 

SUMMARY AND CONCLUSIONS 

The internal urinogenital organs of Myrmecobius ditfer but 
slightly from the typical marsupial condition. They agree 
closely with Thylacinus, except that this genus lacks a veru- 
montanal eminence and has only two pairs of Cowper’s 
glands. On the whole, the structure of the male reproductive 
organs does not add anything to the interesting question of 
the relationships of the numbat. In regard to the external 
genitalia the investigation confirms several obvious features, 
already noted by Leehe and Broek, which tend to ally Myrme- 
Gobius with the Dasyuridae. These are the permanently 
exserted condition of the penis and the high colliculus uro- 
genitalis with its associated development of a ligamentum 
suspensorium penis. This ligament is cord-like in Myrme- 
cobius and plate-like in Dasyurus. 

The cloacal cavity is divided transversely by a partition, 
the perineum, as in Notoryctes, Perameles, etc., a condition 
regarded as primitive. Another strikingly primitive or gen- 
eralized characteristic of Myrmecobius is the complete ab- 
sence of a marsupium in any stage of the life-history. 
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AN ADDITIONAL NOTE CONCERNING RELATIONSHIPS 

A great deal has been ■written about the relationsbips of 
Myrmecobins, chiefly based on a consideration of the dentition 
and foot structure. The foot structure of Myrmecobins is 
unique. In the Basyuridae the hallux is much reduced in 
comparison with the Didelphidae. It is set at an angle, is claw- 
less, and has a slightly swollen terminal pad. In the numbat 
the hallux is absent. Bensley, in his work on the relationships 
of the Australian marsupials, retained Myrmecobins in the 
family Dasyuridae, but he was unable to deduce any evidence 
of relationship from a study of the foot structure in either 
Myrmecobins or Thylaciims; these genera would not lit into 
a scheme of specialization of foot structure in the Dasyuridae, 
but rather indicated independent- lines of development. 

The dentition of the numbat has received more attention 
than any other part of its anatomy, on account of the extraor- 
dinary number and form of the molars. Bensley maintains 
that the peculiar dentition is not an indication of affinity with 
mesozoic mammals, but that it can be derived from a proto- 
typal condition nearly realized by the smaller Dasyuridae. 
The presence of supernumerary molars is due to a repetition 
of teeth from the dental lamina and is connected with the 
extraordinary elongation of the jaw in accordance with tlie 
highly specialized ant-eating habits of the numbat. 

Wood Jones adopts the foot structure as the primary cri- 
terion for the subdivision of the Didelphia. According to this 
system, both Myrmecobins and Thylacinus are raised to fam- 
ily status, along with Didelphys, Dasyurus, and Notoryctes, 
as the type genera of the five families which form the 
Didactyla. 
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PLATE 2 

EJCPLANATION OF FIGURES 

3 a Uriiiogenital system, ventral view. X 

3 b Kidney (horizontal section) . 

4 a Urinogenital system removed from body ; dorsal view. On the right of 
the specimen the Cowper’s glands have been removed, and the bulbocavernosns 
muscle slit up to expose bulb of the corpus spongiosum. Ischiocavernosus muscle 
removed on left. X IJ. 

4 b Diagram, median sagittal section through penis. 

5 Transverse section through prostatie tract of urethra, cranial end. X 6L 
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PLATE 3 * 

EXPLANATION OE ITCrUltES 

6 Transverse section through spine skin of iienis. X t>6- 

7 Transverse section through prostatie tract of uretiira, peripheral portion 
(seeA, fig. 5). X 135. 

8 A gland from the prostatie tract. X 27. 

9 Section transverse to length of glancls of xirostatie tract (see B, lig. 5). 
X 450. 

10 Transverse section of prostatie tract of urethra, sho-wing openings of glands 
into its lumen (see C, flg. 5). X 133. 

11 Transverse section of pars inembranaeea. X 35, 

12 Transverse section of Cowper’s gland II. X 105. 
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PLATE 4 

EXPLANATION OF FIGURES 

13 Transverse section of bulbous urethra (iiosition indicated by arrow, lig, 4). 
X 23. 

14 Transverse section of Cowper’s gland I. X 96. 

15 Transverse section of one half of bifid glaiis penis. X 16. 

16 Diagrammatic sagittal section of bladder and prostate. 
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